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PREFATORY NOTE BY THE CHIEF MEDICAL OFFICER. 


To the Right Hon. WaLTerR Ettiot, P.C., M.C., M.P., 
Minister of Health. 

SIR, 

_ Report No. 71 (in this Series) on the Bacteriological Examina- 

tion of Water Supplies, published in 1934 and reprinted with 

minor alterations in 1936 has been found useful by bacterio- 

logists, health officers and water undertakers both at home and 

abroad. The exhaustion of the 1936 reprinting has given an 

opportunity for its revision in the light of recent advances in 

water bacteriology. 

There is no change in the purposes of this new edition as com- 
pared with the old, but the modifications introduced in its 
arrangement are intended to make it still more suitable for study 
by persons without special bacteriological knowledge, especially 
those who are concerned with the administration of water under- 
takings and to whom the recent ‘‘ Memorandum on the safe- 
guards to be adopted in day to day Administration of Water 
Undertakings ’’* was addressed. Thus, general information on 
the taking of samples, the rationale of the bacteriological analysis 
of water, the frequency and type of examination to be carried 
out, and the interpretation of the results has been collected into 
Part I, while the technical description of the various methods of 
examination, which concern the bacteriologist alone, has been 
concentrated into Part IJ. Further, in order to facilitate the 
interpretation of the results for those not possessed of special 
bacteriological knowledge, a division of piped water supplies into 
four classes has been suggested. In this way it is hoped to avoid 
some of the misunderstanding that follows the expression in 
quantitative terms of the results of such a test as that for coliform 
bacilli, which is accompanied by a considerable sampling error 
independent of the skill of the technician. Special attention may 
be drawn to the desirability, stressed in the present edition, of 
carrying out simple routine tests at frequent intervals rather than 
of relying on more elaborate tests at longer intervals. 

The revision is the work of an Office CommitteeT assisted by 
certain eminent authorities, to whom our grateful acknowledg- 
ments are due. 


I have the honour to be, Sir, 
Your obedient Servant, 
ARTHUR S. MACNALTY. ~ 
Whitehall, January, 1939. 


* Ministry of Health Memo. No. 221. 

Pt. Cammwath,. 15.07, D.5e., M-B., DP... (Ministry. of tical) 
(Chairman), J. F. Beale, M.A., M.R.C.S., L.R.C.P., D.P.H. (Counties Public 
Health Laboratories), D. B. Byles, B.Sc., F.1.C. (Deputy Director of Water 
Examination, Metropolitan Water Board), H. T. Calvert, M.B.E., D.Sc., 
BL.e., W..M. Scott: M.D, Bsc. DL .M. .& Hy., and: E..E.:Sturdee,.0.B.E,, 
M-R.C.S., L.R.C.P., D.P.H. (Ministry of Health), E. W. Taylor, M.A., M.D., 
D.P.H. (Senior and Research Bacteriological Assistant, Metropolitan Water 
Board) and Professor G. S. Wilson, M.D., F.R.C.P., D.P.H. (Professor of 
Bacteriology, London School of Hygiene and Tropical Medicine). 
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-PREFATORY NOTE TO THE FIRST EDITION (1934). 


To the Right Hon. Sir E. Hirton Youne, G.B.E., D.S.0., M.P., 
Minister of Health. | 3 


SIR, 


This Memorandum on the Bacteriological Examination of 
Water Supplies is the work of a small Office Committee which 
included, in addition to members of the staff of the Department, 
several distinguished authorities whose help I wish here grate- 
fully to acknowledge. Special tribute is due to the late Sir 
Alexander Houston, whose wide knowledge and lifelong ex- 
perience were placed freely at the disposal of the Committee up 
to a few weeks before his death. 


In Public Health Bacteriology of recent years in England there 
has been insufficient uniformity in the technique employed by 
different workers in the examination of water supplies, and, in 
consequence, neither the actual data obtained nor their hygienic 
interpretations have been comparable. The present Memoran- 
dum describes the technical steps commonly used in sound 
practice which can be relied upon to yield a reasonably complete 
picture of the bacterial content of water, so far as it may affect 
the health of consumers. It is not to be regarded as a rigid 
specification the non-observance of which would invalidate the 
conclusions drawn from an examination of a santple of water. 
The bacteriologist has a wide discretion in the range and 
thoroughness of the tests he may apply to any sample. He may 
be led to simplify his procedure by knowledge already in his 
possession of the quality of the particular water under examina- 
tion, by the degree of importance of the deductions expected, 
or even by the expense involved in carrying out a full examina? 
tion. He may, for example, use a smaller number of plates in 
the colony count; he may modify the “‘ presumptive coli ’’ test, 
or, as is sufficiently indicated in the text, he may refrain from a 
more minute investigation of the bacteria responsible for a 
‘‘ presumptive coli reaction ’’. At-some future date it may be 
possible to specify different grades of bacteriological test applic- 
able to various contingencies. : 


Neither is the technique herein described to be regarded asa 
new contribution to the science of bacteriological analysis of 
water. No novel procedure is recommended, nor is any new 
body of observations brought forward. Indeed, several pro- 
cedures already proposed or used by workers at home and 
abroad have not been mentioned, since, as yet, they cannot be 
regarded as part of generally accepted doctrine. Furthermore, 
the standards of purity, in terms of bacteriological control, sug- 
gested in Section VI of the Memorandum, are put forward with 
due reserve. It may not be found practicable to attain them 
with some water supplies which, nevertheless, may justly be 


Vil 


passed as satisfactory. Or it may be found that the limits sug- 
gested as permissible should be made more stringent and that 
water supplies just coming within those limits should be sub- 
jected to further processes of purification till they reach a higher 
degree of quality. 


Special attention is drawn to the importance of correlating 
exact topographical conditions with bacteriological findings, and 
to the fallacy, not indeed current among bacteriologists them- 
selves, of drawing final conclusions from a single bacteriological 
examination of any water. 

In brief, the Memorandum may be regarded as correlating 
tests of which many modifications are at present current, and as 
suggesting standards for a routine in water examinations, thus 
contributing to a greater degree of unanimity of opinion on the 
hygienic quality of any of our diverse water supplies. 


I have the honour to be, Sir, 
Your obedient Servant, 
GEORGE NEWMAN. 
W lutehall, - 
March, 1934. 
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THE BACTERIOLOGICAL EXAMINATION OF 
WATER SUPPLIES. 


PRELIMINARY NOTE. 


This Memorandum has been prepared for circulation with the 
following objects : — 

(x) To provide a description of technique the adoption 
of which will ensure sufficient uniformity in the practice of 
bacteriological examination of water to permit of com- 
parison of the results obtained in different laboratories. 


(2) To explain to Sanitary Inspectors and others the pre- 
cautions necessary in obtaining and transmitting samples to 
the laboratory. 


(3) To assist in assessing the results of bacteriological 
examination in terms of hygienic quality. 

It should be read in conjunction with the Memorandum 

already issued by the Ministry on “‘ The Safeguards to be 

adopted in day to day administration of water undertakings.”’ 


PART |.—GENERAL. 
SECTION I. 
INTRODUCTION. 


The bacterial flora of different waters varies so much that it 
is impossible to lay down absolute standards to which all safe 
waters must conform. Each supply must be judged on the sum 
of knowledge obtained by topographical and laboratory exam- 
ination in the light of accumulated hygienic experience of water 
supplies in general. No bacteriological examination, however 
careful, can take the place of a complete knowledge of the con- 
ditions at the sources of supply and throughout the distribution 
system. Such contingencies as cesspool leakage and possible 
faults or fissures in water-bearing strata, casual contamination 
of gathering grounds, junctions with impure water sources, leaks 
in water mains, ball cocks and stop-valves and the effects on 
these of variations in pressure or of temporary cessation of 
supply must all be envisaged, since they may more or less 
abruptly pollute a supply which had previously passed all the 
laboratory tests. A single laboratory examination of a water, 
however favourable the result, does not justify the conclusion 
that all is well and the supply suitable for drinking purposes. 
The impression of security given by bacteriological testing of a 
water at longish intervals may, in fact, be quite false. On the 
other hand, the value of such tests may be greatly enhanced by 
their frequent and regular application. This, in the course of 
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years, will provide the necessary normal standard for any par- 
ticular water, lapses from which must at once arouse suspicion. 
For example, in a deep well supply in which it is known that the 
normal bacterial content is low, a small increase would be of 
great significance and require most careful consideration. 
Similar alteration in an upland surface or river supply, especially 
if shown to be seasonal and paralleled by the experience of 
previous years, is of less significance. When a supply is drawn 
from multiple sources each contributory source must be similarly 
examined. 

The intervals which may be permitted between successive 
bacteriological examinations depend on the character of the 
supply. An upland surface supply collected from moorland, 
where there is little possibility of human contamination, may 
hardly need examination apart from that applied to the actual 
distributing mains. A water derived from wells sunk in fissured 
strata, such as chalk or limestone, especially where the area 
overlying is becoming built up and where increased pumping, 
drawing water from greater distances underground, may be 
required to cope with a larger demand, needs very frequent, 
perhaps daily, examination to ensure the detection of sudden 
pollution. Such conditions as prolonged drought followed by 
heavy rains should call at once for a series of bacteriological 
examinations at short intervals whether the supply is from a 
deep well, a spring or a river. It should always be borne in 
mind that the most which bacteriological tests can prove is that 
at the time of examination bacteria indicating excremental 
pollution did or did not grow under laboratory conditions from 
a sample of the water. A satisfactory result apart from, other 
data does not exclude the possibility of dangerous pollution at 
some future time. The results of the laboratory examination 
should therefore be reported with the caution that the considera- 
tions mentioned above impose and should be _ interpreted 
similarly. 


SECTION II. 


TAKING OF SAMPLES. 


The importance of good sampling cannot be over-estimated. 
Upon it depend the deductions which are ultimately drawn from 
the results of the examination. Every care must therefore be 
used to prevent any risk of contamination of the water in taking 
the sample. 

Since the laboratory examination of a sample should always 
be considered in conjunction with the topographical circum- 
stances of the supply, it is important in sending a sample of 
water for bacteriological examination to send with it very full 
details of the nature and source of the supply and methods of 
sterilisation or other purification and of the reasons that have 
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led to a desire to have the water examined. It is of great 1m- 
portance, in those cases where the water to be sampled is sub- 
mitted to preliminary sterilisation by means of chloramine or 
chlorine and may therefore contain traces of these reagents at 
the sampling point, that such traces should be immediately 
destroyed; otherwise erroneous results will be obtained due to 
the continued action of the sterilisant during the period of 
transit of the sample to the laboratories. A sample of the corre- 
sponding raw water before chlorination should be taken at the 
same time as the chlorinated sample. Detailed instruc- 
tions, setting out fully the precautions to be taken and the 
information that should be supplied, are given in Appendix A. 


SECTION III. ; 
THE RATIONALE OF THE BACTERIOLOGICAL ANALYSIS OF WATER. 


The direct search for the presence of specific pathogenic 
bacteria in water is unlikely to prove of value for routine 
control purposes. There are several reasons for this. If 
a given supply receives a single contamination, for example 
from a typhoid carrier, it will probably be about a fortnight 
before a case of typhoid develops and another week or even 
longer before it is diagnosed and reported to the Medical Officer 
of Health. Since typhoid bacilli die out fairly rapidly in water 
it is improbable that the bacteriologist, after this lapse of time, 
will succeed in demonstrating their presence. In addition, the 
organisms usually gain access to the water in only very small 
numbers, and the technical difficulties of isolating small num- 
bers of typhoid bacilli from water contaminated with excretal 
material are very great. If, of course, the contamination is 
repeated or continuous, then the chance of finding the bacillus 
is rather greater, but in practice suspicion is almost invariably 
thrown on the water as the result of epidemiological rather than 
of bacteriological inquiry. 


The earlier workers, realising the difficulty of demonstrating 
directly the presence of pathogenic organisms, adopted an in- 
direct approach to the solution of the problem. It was sug- 
gested that the water should be examined for evidence of 
excretal or sewage pollution, the assumption being that if 
pollution of this type did occur, the water must be 
regarded as potentially dangerous. Experience has shown 
that this reasoning was sound in practice. During the 
last century methods were evolved for the detection 
of organic matter in water by chemical means, and further 
methods were elaborated, depending on the estimation of free 
and albuminoid ammonia, chlorine, nitrates and nitrites, for 
distinguishing between organic matter of animal and vegetable 
origin. In this way considerable progress was made, but in 
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spite of the large amount of work carried out it was found that 
these tests were not sufficiently delicate or specific for the 
detection of minor degrees of sewage contamination. 


With the rise of bacteriology, efforts were made to supple- 
ment the chemical analysis. These consisted at first of approxi- 
mate estimations of the numbers of bacteria capable of growing 
at atmospheric and at body temperatures. The greater the 
number of colonies developing at atmospheric temperature, the 
greater presumably was the amount of organic matter in the 
water; and the greater the number of colonies developing at 
body temperature, the more likely were organisms of sewage 
and parasitic origin to be present. These tests, however, had 
little advantage over the methods evolved by the chemists. 


Attention was therefore directed to the demonstration of 
bacterial species of known excretal origin, particularly 
organisms of the coliform group, faecal streptococci, and 
Clostridium welch. Since these organisms are constantly 
present in the human intestine, usually in numbers greatly 
exceeding those of pathogenic intestinal bacilli, and since their 
death rate in water is rather slower than that of organisms of 
the enteric group, it follows that whenever typhoid or para- 
typhoid bacilli, for example, gain access to a water supply 
through excretal pollution they are always accompanied by the 
natural organisms inhabiting the intestine. The finding of coli- 
form bacilli in water shows, therefore, that recent excretal 
pollution has probably occurred, and, though not constituting 
of itself conclusive evidence of danger, is nevertheless sufficient 
to indicate that the water is potentially dangerous. Attention 
became more and more directed to the coliform group rather 


than to faecal streptococci and Cl] welchu, partly because of the 


greater ease with which coliform bacilli could be demonstrated 
and partly because C/. welchu was found to survive considerably 
longer in water than members of the coliform and typhoid- 
paratyphoid groups. 


More recent work has rendered it evident that the coliform 
bacilli constitute a group of organisms of diverse origin. Some 
of them, such as Bact. coli, have their normal habitat in the 
human and animal intestine, whereas others, such as Bact. 


aerogenes, Bact. cloacae, the so-called intermediate group and — 


certain irregular types, appear to be distributed mainly: in 
vegetable matter and soil. It is true that these non-parasitic 
types may gain access to the intestine by means of food and 
drink and may survive in it for a time, but the available 
evidence suggests that they are seldom present in numbers 
equal to those of the typical Bact. coli. So far as we know 
Bact. coli does not lead a saprophytic existence, except in 
certain special conditions, and the presence of this organism 
in water can be regarded as almost undoubted evidence 
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of recent excretal pollution of human or animal origin. Since 
Bact. coli can be detected in numbers as small as one in 
100 ml. of water, the demonstration of this organism affords far 
and away the most delicate and specific test at our disposal for 
proving that excretal contamination has recently occurred. For 
this reason very careful estimation has to be made of the num- 
bers of Bact. colt betore deciding whether the pollution has been 
severe enough to render the water potentially dangerous, i.e. 
the whole essence of the test is quantitative. | 

It will be seen that the tendency of water analysis has been 
to pass from the more crude and less discriminative methods of 
chemical examination to the more delicate and more specific 
methods of bacteriological examination. At the present time, 
the trend of practice among bacteriologists in this country is to 
concentrate on the demonstration of faecal coli in the water. 
Recently methods have been developed which enable a rapid 
enumeration of this organism, as apart from other organisms of 
the coliform group, to be made and it is anticipated that the 
quantitative estimation of faecal coli is likely in the future to 
play a dominant part in the routine control of water supplies. 
This does not mean to say that other types of coliform organism 
can be neglected, because there is evidence to show that some 
of these types survive longer in water than the faecal coli type, 
and hence may reveal by their presence more distant excretal 
contamination which, though not dangerous at the time of 
sampling, may nevertheless indicate that the water is subject 
to potentially dangerous pollution. The whole question will be 
discussed more fully at a later stage (pp. II-14). 


SECTION IV. 
FREQUENCY AND [TYPE OF EXAMINATION. 


In the past the practice among many water undertakers has 
been to have a complete chemical and bacteriological examina- 
tion of their water supplies made at infrequent intervals, such as 
three months or so, and to trust that the water supplied in 
between these examinations would not undergo any substantial 
deterioration. As has been pointed out in the Introduction, 
the objection to this practice is that it affords no effective control 
over the quality of the water supplied during the greater part 
of the year. There are extremely few supplies of any size so 
circumstanced that regular bacteriological control is unneces- 
sary. In the great majority, contamination, as is well known, 
may occur at any moment, and may come from numerous 
different sources. Unless frequent examinations are made, 
disease may break out among the human population before 
any suspicion is cast on the water. To prevent this effectively, 
constant bacteriological supervision must be maintained, and 
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any marked deviation from the normal findings must be 
followed forthwith by suitable measures for the protection of 
the consumers. . : 

Routine control for big water undertakings should involve 
daily testing, but neither a detailed bacteriological examination 
nor a full chemical analysis should normally be necessary, 
though these, of course, are demanded when a new source of 
supply is to be introduced or when suspicion arises in the course 
of the ordinary routine. 

in water, as in milk control, it is far more important to 
examine numerous samples by a simple test than occasional 
samples by a more complicated test or series of tests. 


It is not possible to prescribe schedules setting out the fre- 
quency with which bacteriological tests should be made on all 
the various water supplies in use in this country. Each water 
undertaker should take expert advice as to the minimum neces- 
sary in order that effective watch can be maintained on the 
condition of the water from each of the sources from which water 
is drawn and on that of the water as it reaches consumers. The 
nature of the supply itself, its known lability to accidental 
admixture with water of doubtful purity, such as that from 
fissured strata, from floods, from fractured sewers or contami- 
nated subsoil, and its exposure to unavoidable risks, such as 
those incurred in repairs and alterations of wells, reservoirs, 
mains, etc., should be the overriding considerations in deter- 
mining how often tests should be made and how thorough they 
should be. In general, it will not be too onerous for the larger 
undertakings to have daily routine tests. For smaller under- 
takings, where this would impose too great a financial burden 
but where frequent tests are nevertheless required, a compromise 
may be necessary as advised by the expert. In many such 
supplies the water will in any case require treatment and the 
protection of the consumers will depend as much on the care 
with which this is applied and continuously controlled as on the 
frequency of bacteriological tests. 

In the case of small supplies such as those used by a single, 
or a few households, routine examination is obviously out of 
the question; but in such cases measures of complete protection 
of the source from risks of contamination are usually practicable, 
and a few careful bacteriological and chemical analyses will 
then give assurance that this has been achieved for an in- 
definitely long period. 


TYPE OF EXAMINATION. 


Various tests are available for controlling the bacteriological 
purity of waters, such as the plate count at 22° C. and 37° C., 
the presumptive coliform count, the differential coliform test, 
and the tests for faecal streptococci and for Clostridium welch. 


“| 


The particular test or combination of tests to.be carried out in the 
routine supervision of waters must be left to the discretion of the 
bacteriologist, but for his assistance we would suggest some such 
scheme as the following : — | 


Rae Simple Examination. ‘ 

The presumptive coliform count, with or without differentia- 
tion of the individual types of organisms present. 

For routine control work it is suggested that the presumptive 
coliform tests should be carried out at 37° C. and the results read 
after 24 or 48 hours. If differentiation of the coliform 
organisms is required—and the conditions under which this is 
usually necessary are indicated on p. 16—it should be set in 
hand at once. | | 

With piped water or other supplies known to be fairly pure, 
it should suffice for the presumptive coliform test to inoculate 
one 50 ml. and five 10 ml. quantities of water into MacConkey 
broth. With non-piped water, and with most surface or shallow 
well waters the quantities inoculated should usually comprise 
ene 50 ml., five 10 ml. and five I ml. . 

The method of carrying out the presumptive coliform test is 
described on pp. 27-29 and the methods of differentiating the 
various types of coliform organisms are described on pp. 35-39. 


Partial Examination. 


The presumptive coliform count, with or without differentia- 
tion, together with plate counts at 22° C. and 37° C. 

This type of examination should not usually be required for 
routine control purposes, but may be demanded either when 
the simple method of examination reveals. the presence of 
definite pollution of doubtful origin, or when coliform organisms 
are present belonging to non-faecal or irregular types, or when 
coliform organisms appear in very small numbers in a water 
from which they are usually absent, or when greater control is 
necessary after a heavy rainfall, or when a new supply is being 
taken into consideration, or for some other reason. 

The plate counts add considerably to the time and cost of the 
examination, and should be reserved for waters in which infor- 
mation additional to that yielded by the coliform test is required. 
The technique of carrying out the plate counts is described on 
pp. 20-23. 

Full Examination. 

The presumptive coliform count, with or without differentia- 
tion, plate counts at 22° C. and 37° C., and tests for faecal strep- 
tococct and for Clostridium welchi. 

A full bacteriological examination should seldom be necessary 
except when a new supply is. being: - considered, or the 
results yielded by the coliform test are ambiguous. or. suspected 
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of being misleading. If, for instance, coliform organisms of an 
unusual type appear in a large water supply, and it is doubttul 
whether they are or are not indicative ot excretal pollution, a 
search for taecal streptococci and for Cl. welchit may be of 
considerable assistance in reaching a decision. Both of these 
organisms are of excretal origin, and their presence denotes con- 
tamination of the water. 


The value of the faecal streptococcal test is estimated 
variously by different workers. Some regard it as of consider- 
able value, whereas others are of the opinion that it adds little 
to the information yielded by the test for coliform bacilli. This 
discrepancy of opinion is largely due to the fact that very few 
studies of faecal streptococci in relation to water supplies have 
been carried out during recent years. Many of the older obser- 
vations were made under somewhat artificial conditions and at 
a time when the differentiation of faecal from non-faecal types 
of streptococci was less satistactory than it is to-day. It is not 
definitely known whether faecal streptococci survive on the 
average for a shorter or a longer time in water than coliform 
bacilli. Observations by modern methods are required on this 
point. Until they are completed, the interpretation of the results 
of the faecal streptococcal test, particularly when negative, must 
remain doubtful. 


The Cl. welchii test stands on much firmer ground. This 
organism forms spores, which survive for a considerably longer 
time than coliform bacilli, and usually resist chlorination. Its 
presence in water indicates that faecal contamination has 
occurred, and the presence of Cl. welchii in the absence of 
coliform bacilli indicates that the contamination is not of very 
recent date. The chief value of the test would seem to lie in the 
detection of remote or intermittent pollution, especially in 
shallow well waters. Supplies of this type are often distributed 
to only a small population, and their frequent examination by 
the coliform test is not usually practicable. An occasional 
examination for coliform bacilli may yield misleading results, 
since these organisms may have died out since the last access of 
pollution. In such instances the demonstration of Cl. welchi 
will show that the water is subject to contamination, and will 
point to the desirability of taking precautions to safeguard the 
health of the consumer. The technique of carrying out these 
tests is described on pp. 40-43. 


Adaptation to special purposes. 


These three suggested methods of examination of increasing 
degrees of completeness may of course be varied by the 
bacteriologist to suit local conditions or special needs. In the 
control of filtration or chlorination, for example, a test should 
always be carried out on the water before and after treatment. 
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If the presumptive coliform count is being used and the initial 
supply is heavily contaminated, then the quantities of the un- 
treated water may have to be very small, such as five I ml., five 
o-r ml. and five 0-o1 ml., while much larger quantities of the 
treated water, such as one 50 ml. and five 10 ml., will suffice. 
For some purposes, such as the control of filtration in the 
summer months when non-faecal coliform organisms may grow 
on the filter and give rise to a misleading result in the presump- 
tive coliform count, a direct count of faecal coliform organisms 
by the 44° C. MacConkey test (p. 37) may perhaps prove 
useful. Sometimes the agar plate count alone, either at 22° C. 
or 37° C., may be used in the control of filtration, but since a 
very rapid result is generally required, the presumptive coliform 
count at 37° C., or the faecal coli count at 44° C., both of which 
can be reported after 18 hours, are most likely to be of use for 
this purpose. 

Whatever methods of examination are employed, bacteriolog- 
ists in charge of large water undertakings will probably find it 
useful to record the results of daily or weekly analysis in graphic 
form. By the use of suitable charts deviations from the norm 
become immediately obvious, and an effective check can readily 
be maintained on the quality of the water. 


SECTION V. 


INTERPRETATION OF RESULTS. 


The interpretation of the results of bacteriological examination 
in terms of hygienic quality of water demands not only careful 
consideration of all the relevant factors, but also a considerable 
experience. It is not the function solely of the Medical Officer 
of Health and the Sanitary Engineer to make this interpretation ; 
the bacteriologist, as a result of experience, necessarily acquires 
special knowledge of the significance of both major and minor 
observations, so that it is both his right and his duty to offer an 
opinion on the question in his report to the health authority. 
It cannot yet be said that final decisions have been reached as to 
the meaning of all the data obtainable in the laboratory; con- 
clusions are still to some extent reflections of individual experi- 
ence and therefore variable. Hence it is difficult to lay down 
definite numerical standards with which all waters should com- 
ply. The bacteriological condition of a water has to be con- 
sidered in relation to many other factors such as season, nature, 
and topography of the source of supply, the frequency of 
examination, etc., so that all that can be done here is to state 
some generally accepted deductions and to suggest broad lines 
for the hygienic classification of waters-of similar origin. There 
are several admirable textbooks which will assist and fructify 
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the bacteriologist’s experience (Thresh, Beale and Suckling 
1933; Houston 1913, 1917, 1918; Savage 1906; Horrocks 1go1, 
etc.), while the Annual Reports of the Director of Water Ex- 
amination of the Metropolitan Water Board not only form a 
corpus of valuable laboratory observations but also show what 
useful hygienic information can be derived from the routine 
examination of single supplies. 


Agar plate count. : 

Most of the bacteria developing at 20°—22° C. and not at 
37° C, are saprophytic types which are non-pathogenic to human 
beings. It may therefore be thought that the agar plate count 
at this temperature is immaterial so far as judgment of the 
hygienic quality of the water is concerned. To some extent 
this is true, but it may be pointed out that the 22° C. agar plate 
count affords some indication of (1) the amount of food substance 
available for bacterial nutrition and (2) the amount of soil, dust, 
and other extraneous material that has gained access to the water. 
On general grounds the greater the number of organisms 
developing at this temperature, the larger is the amount of avail- 
able organic matter present, and the less suitable is the water 
for human consumption. 

The bacteria developing at 37° C., on the other hand, are 
mainly parasitic or potentially parasitic types, derived from soil, 
sewage, or excretal material, and must therefore be regarded 
with far greater severity than the harmless saprophytic organisms 
that develop at 22° C. While a high 22° C. count may often 
be met with in a water free from dangerous pollution, a high 
37° C. count frequently indicates the access of sewage to the 
water. | 

The ratio of the count at 22° C. to that at 37° C..1s. chiefly of 
use in helping to explain sudden fluctuations in the bacterial 
content of a water; the higher the ratio, the more probable is it 
that the bacteria are clean soil and water saprophytes and there- 
fore of small significance. The ratio may depend somewhat 
on season and may tend to be low in summer and high in 
winter. In unpolluted water, the ratio of the 22° C. count to the 
37° C. count is usually ro or more to 1; in polluted waters it 
is usually below ro. But this rule is subject to so many excep- 
tions that no weight*can be attached to single observations. 
After chlorination of a supply the ratio has no significance; it 
is usually very low. 

The colony count, as has already been indicated, is of value 
chiefly when carried out on the same supply at regular intervals 
over long periods. In such circumstances an increased count 
always requires explanation. It may depend merely on sea- 
sonal influences—in which case it will be paralleled by the 
results of previous years—but it may indicate undesirable access 
of storm water, of other polluted surface or soil water, or direct 
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contamination by dust or animals. A rise in the agar count of 
deep well or of treated waters may afford the earliest indication 
of pollution. 


The colony count of a single sample of water has, however, 
comparatively little significance in itself and it is difficult to 
state limits which, if exceeded, involve unfavourable comment 
on the hygienic quality of the water. Recently sunk wells and 
bores are likely for some time to give a misleading count. 
Bacterial contamination, necessarily introduced in the work of 
sinking, may persist for weeks or even months in a new well 
properly protected and drawing from an entirely unpolluted sub- 
soil water. Such evidence of pollution should disappear when 
the well has “ settled ’’. In the case of “‘ settled ’’ wells and 
deep springs, provided the water has not been long stagnant, 
the count on agar at 37° C. after 48 hours incubation should not 
usually exceed Io per ml.; any excess would suggest admixture 
with water of more superficial origin or some other form of 
pollution. Surface wells, on the other hand, usually give counts 
higher than Io per ml., but so many circumstances have to be 
considered in assessing the importance of the figure obtained 
that no standard can be laid down. Upland surface waters may 
have a very high 37° C. agar count, sometimes exceeding 
I,000 per ml., even in the complete absence of excretal pollu- 
tion. In these waters the count often rises considerably during 
the summer months, due apparently to the access of dust and 
organic matter to the water and to the increase in temperature, 
which together favour bacterial multiplication. Sometimes in 
pure waters, such as deep well waters, a very high 22° C. agar 
count, running into thousands or tens of thousands per ml., may 
be obtained. The colonies develop slowly, are found to be 
nearly all of one type, and are frequently chromogenic. Sucha 
finding can usually be ignored, unless it occurs in a water which 
has previously given a low count. 


It must be remembered, however, that a high agar count is 
often attributable to bad sampling or even to bad technique in 
the laboratory examination. If the sampling bottles or the 
Petri dishes are not properly sterilised, if the neck or stopper 
of the bottle is contaminated during the taking of the sample, 
if the sample is kept at too high a temperature during trans- 
portation, or if the pipettes used during its examination are not 
properly sterilised and plugged with cotton wool, an unduly 
high colony count may result which is not substantiated by 
re-examination of the water under properly controlled 
conditions. 


The Coliform count. 


Useful as the 22° C. and 37° C. agar plate counts may be, 
they are far surpassed by the coliform test, which provides us 
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with the most delicate index we possess of excretal pollution. 
Reference may be made to p. 29 for a description of the different 
types ofcoliform bacilli that may be found in water; the probable 
habitat of these different types is recorded in Table I (p. 30). 
So far as the available evidence goes, Bact. colt type I appears 
to be far and away the most frequent type of coliform organism 
present in the human and animal intestine. Apart from excretal 
contamination, it is rarely found outside the animal body. On 
the other hand, organisms of the intermediate-aerogenes-cloacae 
(I.A.C.) group appear to have their primary habitat in soil 
and on vegetation. Though they are often found in the intestinal 
canal, they are present as a rule in numbers far inferior to those 
of the coli type. Bardsley (1938), for example, who examined 
100 specimens of faeces by the selective liquid media method 
(see p. 37), found Bact. coli I in every specimen, and organ- 
isms of the I.A.C. group in only 61 per cent. In 92 per cent. of 
the samples Bact. colt I was the dominant organism, in 2 per 
cent. it was present in equal numbers with I.A.C., and in only 
6 per cent. was it inferior in numbers to I.A.C. It is therefore 
convenient to refer to Bact. coli I as ‘‘ faecal coli’’, and to 
the I.A.C. group as ‘* non-faecal ’’. In doing so, however, we 
must remember that these terms are essentially relative and are 
governed by the frequency distribution of the two types. 


The observations of various workers suggest that at ordinary 
temperatures members of the I.A.C. group tend on the whole to 
survive longer in water than faecal coli, and to be more resistant 
to chlorination, though other factors than temperature probably 
play a part in determining the relative length of survival of these 
organisms. 


On the basis of these findings it may be expected that, if water 
is recently contaminated with excretal material, organisms of the 
faecal coli type will gain access to it in numbers considerably 
superior to those of the I.A.C. group. On the other hand, in 
water that has been contaminated a few weeks previously, or in 
water that has been insufficiently chlorinated, organisms of the 
I.A.C. group may exceed those of the faecal coli type. These 
assumptions are borne out in practice by comparative counts 
made on different types of water. 


It has, however, been found that in waters showing only a 
minor degree of pollution, as judged by the very small numbers 
of coliform organisms present, I.A.C. may exceed faecal coli 
(Harold 1937, Bardsley 1938). The reason for this is not 
altogether clear, but it seems probable that waters of this type 
are either being contaminated from cultivated soil, in which 
organisms of the I.A.C. group are usually abundant, or else are 
receiving excretal contaminations at such infrequent intervals 
that organisms of the faecal coli type have largely perished by 
the time the water is examined. The former explanation is to 
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some extent supported by the comparatively high proportion of 
I.A.C. in shallow wells and land springs as compared with up- 
land surface waters (Bardsley 1934). 


Our knowledge of the importance of the different coliform 
types is still very deficient, but we can summarise the present 
position, so far as it affects Great Britain, in terms such as the 
following : — 

(1) Bact. colt I is essentially an index of recent excretal 
pollution. The finding of this organism in water in more 
than minimal numbers can never be safely ignored. 


(2) The presence of organisms of the I.A.C. group in 
water in the absence of faecal coli may be due either to 
(a) contamination of the water with soil; (6) contamination 
of the water with excretal material at a time sufficiently 
distant to allow faecal coli to die out; (c) contamination of 
the water with the excreta of a person who is discharging 
I.A.C. in almost pure culture; this must be relatively uncom- 
mon; (d) inadequate treatment of an initially polluted water 
with chlorine, which has only succeeded in killing off the 
more susceptible faecal coli. Which of these explanations 
is correct can be determined only by inquiry into the source 
and history of the water. 


(3) The finding of a high proportion of faecal coli among 
the total coliform organisms is indicative of heavy or recent 
excretal pollution. On the other hand, a result showing 
that the majority of the coliform organisms appear to belong 
to the I.A.C. or to irregular types may be regarded as in- 
dicative of a slight, infrequent, or remote excretal pollution ; 
or perhaps, if no faecal coli are present at all, of simple 
contamination with soil that may or may not have been 
excretally polluted some time previously. 


(4) In practice it is unwise to neglect completely the 
presence of organisms of the I.A.C. group. Even though 
no faecal coli can be found, their presence may indicate a 
minor degree of pollution which at any time might become 
serious. Their appearance in a water, particularly a deep 
well water, from which they are normally absent, some- 
times heralds the advent of pollution, and enables steps to 
be taken in time to stop further pollution or, if this is im- 
possible, to protect the consumer by suitable treatment of 
the water. 


(5) In general terms, the presence of faecal coli denotes 
recent and possibly dangerous excretal contamination, 
which must be urgently attended to. The presence of 
I.A.C. in an untreated water suggests less recent contamina- 
tion, which though not immediately dangerous is neverthe- 
less sufficient to call for further steps towards obtaining 
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greater purity of the supply.. The presence of I.A.C. in a 
treated water suggests either inadequate treatment or the 
access of undesirable material to the water after treatment. 


These general propositions demand a few qualifying 
remarks :— 


(a) Coliform bacilli may easily gain access to water 
during the collection of the sample. In many instances an 
apparently polluted water is found, when properly sampled, 
to be perfectly satisfactory. 

(b) The finding of coliform bacilli in wells can sometimes 
be traced to pollution of the shaft or adit with soil 
washings, old sacking or other material serving as a suitable 
medium for the growth of organisms of the I.A.C. group. 
The underground water itself may be quite pure. 

(c) Another source of coliform bacilli, particularly of the 
I.A.C. type, is provided by leather washers on pumps and 
taps, by jute packing, string, and similar substances. 

(d) In the tropics members of the I.A.C. group appear 
to be very much more abundant than in Great Britain, and 
their presence in water should probably not be regarded 
with the same degree of severity as that which we are 
recommending for this country. 

(e) No satisfactory method is at present Ee for 
distinguishing between faecal coli of human and animal 
origin. In upland surface waters, particularly, contamina- 
tion with faecal coli from sheep grazing in the neighbour- 
hood is by no means uncommon and reservoirs are often 
contaminated by birds. It is unwise, however, for the 
bacteriologist to neglect the presence of these organisms, 
since he cannot be certain that contamination of human 
origin has not also occurred. It is safer to regard all 


faecal coli as indicative of possibly dangerous contamina-_ 


tion, though some allowance must be made, depending on 
the type of water and the experience of the bacteriologist, 
for the presence of these organisms when animal, but not 
human, contamination is known to be frequent or continual. 

The interpretation of the faecal streptococcal and the 
Cl. welchu tests has already been sufficiently indicated on 
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SECTION VI. 
SUGGESTED CLASSIFICATION OF WATERS. 


The bacterial flora of water is determined by so many factors 
which vary from one source of supply to another that it is im- 
possible to lay down hard and fast standards for waters as a 
whole. As is pointed out in the introduction, our aim must 
rather be, on the basis of frequent examinations, to establish 
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a standard for each individual water, departure from which 
may be at once viewed with suspicion. Nevertheless, experience 
has shown that it is justifiable to expect waters intended for 
public supply to come up to a certain standard of purity. The 
particular standard laid down must vary with the type of water 
—-deep or surface water, filtered or unfiltered, chlorinated or 
unchlorinated. The standards must not be interpreted too 
rigidly; on the other hand, no serious departure from them 
ought to be viewed with complacency. Experience alone will 
dictate to the bacteriologist whether in any given supply de- 
parture from the usual quality is significant or not. He will 
always bear in mind that the less variation there is, the better. 
A sudden rise in the bacterial population, particularly of the 
coliform group, after heavy rainfall will be regarded as indica- 
tive of potential danger, since experience has shown the sinister 
association of flood water and water-borne disease. He will also 
remember that in any quantitative standard far more attention 
must be attached to the coliform than to the plate count results. 


In Part II is described the technique of the various tests to be 
carried out and the method of reporting the results, usually in 
quantitative terms. Since the apparent number of organisms 
present is subject to various sampling and technical errors, the 
use of quantitative data is apt to be misleading to those who 
are not fully cognizant of the limitations of the technique em- 
ployed. For this reason we suggest that on the basis of his 
results the bacteriologist should allocate the water to a particular 
class, which will leave no doubt in the mind of water engineers, 
sanitary inspectors and similar persons of the general bac- 
teriological standard of the water. In advising this course we 
are aware that we are laying ourselves open to criticism on 
academic grounds, but we believe that the increased clarity of 
the report will sufficiently justify the making of certain generali- 
zations which may not be strictly warranted by the available 
scientific data. | 


Since the plate counts are dependent so much on the particular 
type of water under investigation, it is impossible to use them 
for general standards. For this purpose we must rely on the 
coliform test. Again, since it would be impracticable and con- 
fusing to lay down grades for every type of water, we are 
confining our classes to piped supplies intended for distribution 
to populations of more than minimal size. With very small 
supplies the frequency of examination cannot be expected to be 
sufficient to justify classification of waters on bacteriological 
grounds. As is pointed out later, the quality of such supplies 
must be judged very largely on topographical examination. 

Ideally, coliform bacilli should be absent from 100 ml. of 
water, but such an ideal standard would exclude many waters 
that can be and are consumed with impunity for indefinitely 
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long periods. In setting out the following classification, we are 
permitting a probable number of 2 coliform organisms per 
roo ml. in non-chlorinated piped supplies. 


Piped Supphes. 


Presumptive Coliform 
Count per 100 ml. 


Class I. Highly Satisfactory... on less than 1. 
Class 2. Satisfactory 4 2 ae I—2. 

Class 3. Suspicious ae af oe 3-10. 

Class 4. Unsatisfactory ... salt Pe greater than Io. 


Throughout the year 50 per cent. of samples should fall into 
Class 1; 80 per cent. should not fall below Class 2; and the 
remainder should not fall below Class 3. 


In chlorinated piped supplies the water, as mentioned below, 
ought to come into Class I. 


Remarks on Classification of Waters. 


In interpreting this classification it must be understood that, 
owing to various sampling errors over which the bacteriologist 
has little or no control, a water may fall into a given class at one 
examination and into an adjacent class at another examination, 
even though no change has occurred meanwhile in the quality 
of the water. It is for this reason that only 80 per cent. of 
samples of non-chlorinated waters throughout the year are 
expected to conform to a given class. The great majority of 
the samples ought to fall into Classes 1 or 2. An occasional 
drop to Class 3 need not evoke any great alarm, but if the water 
is frequently assigned to Class 3, or drops to Class 4, it may be 
assumed that its purity is below standard. 


If, in a non-chlorinated piped water supply, a fall occurs to 
Class 3, an immediate examination should be made to find out 
whether the coliform organisms are mainly of the faecal or non- 
faecal (I.A.C. and irregular) types. If they are found to be of 
the faecal coli type, then steps should be taken to insist on 
greater purity of supply. If they are of the non-faecal type, 
further steps towards greater purity of supply need not be taken 
at once, but analyses of the water should be made more fre- 
quently in case the appearance of non-faecal types heralds the 
advent of more serious pollution. With deep well, or other very 
pure waters, which normally fall into Class I, a drop even to 
Class 2 should not be neglected, and an attempt should be made 
to detect any possible source of pollution. 


If a chlorinated water known to have been originally polluted, 
shows the presence of presumptive coliform organisms, an inves- 
tigation into the efficiency and working of the treatment plant 
should be undertaken. Efficient chlorination should yield a 
water free from coliform organisms in 100 ml.; that is, such 
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a water should fall into Class 1 of our grading. Even making 
allowance for sampling and other errors, the appearance of 
these organisms in quantities of 100 ml., i.e. a fall to Class 2, 
should at once occasion misgivings as to the adequacy of the 
chlorination process. 


Water taken on consumer's premises. 


The classification laid down here for piped water supplies 
refers essentially to the quality of the water entering the distri- 
bution service and not to that of the water taken on the con- 
sumer’s premises. Whatever the quality of the water entering 
the distribution service may be, some slight deterioration is 
liable to occur during its passage to the consumer. Organic 
matter may be sucked in to a variable extent through defective 
water mains, and further contamination may occur in service 
reservoirs and cisterns or from washers on the service taps. 
Coliform organisms of the non-faecal type may gain limited 
access from these sources, but their appearance in any con- 
siderable numbers should be regarded with grave suspicion. 
The appearance of faecal coli among them suggests at once that 
undesirable material is gaining access to the water. It is diffi- 
cult to lay down standards for water of this type, but if careful 
comparison between the water before and after , distribution 
shows that any considerable deterioration has occurred, par- 
ticularly in relation to Bact. coli I, then measures should be 
taken to ascertain the source of the pollution. 


Small rural supplies. 


As pointed out above, the classification we have suggested 
refers essentially to waters distributed to populations of more 
than minimal size. In rural districts, where a piped water 
supply may at present be economically unobtainable, and where 
reliance has to be placed largely on private supplies, it may be 
difficult to reach the standard of Class 3 or 4. In such in- 
stances everything possible should be done to prevent the access 
of pollution to the water. By relatively simple measures, such 
as the removal of obvious sources of contamination from the 
catchment area, and by attention to the coping, brick lining, 
and covering of the well, it should usually be possible to reduce 
the coliform count for a shallow well water to a level between 
ro and 25 per 100 ml. Persistent failure to do this, especially 
if the water frequently gives a presumptive coliform count of 
50 or over per 100 ml., should lead as a rule to condemnation 
of the supply, though there are circumstances, such as where 
the pollution appears to be mainly of non-human origin, when 
an exception may be made to this rule. 

Once more we must insist on the importance of adequate 


topographical examination. No matter how satisfactory the 


bacteriologist’s analysis may be, a water can never be regarded 
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as safe which is exposed to known sources of pollution. Water 
undertakers are advised to concentrate on the protection of 
their gathering grounds, and, when necessary, on the adequate 
treatment of the water supplied, and to use the bacteriologist’s 
report mainly as a check on the success of their endeavours. 
To adopt a laissez-faire policy and to do nothing until the 
bacteriologist’s report shows that the pollution has reached a 
stage at which it can no longer be neglected is merely to court 
disaster. In rural areas, where frequent bacteriological examina- 
tions are impracticable, reliance must be placed almost exclu- 
sively on topographical examination. 

Finally, we may point out that, if the best results are to be 
obtained, the closest co-operation—preferably of a personal 
nature—should exist between the expert responsible for the 
bacteriological examination and the local authority or water 
undertakers concerned. Only by a careful correlation of the 
results of topographical and laboratory examinations can the 
data be interpreted to maximum advantage, and steps taken 
most expeditiously to prevent or combat danger to the consumer. 


PART 1I1.—TECHNICAL. 


TECHNIQUE OF BACTERIOLOGICAL EXAMINATION OF WATER. 


In the following pages the various procedures to be carried 
out in the bacteriological examination of water are set out in 
full. The purpose of this detailed description is not to prescribe 
a rigid set of rules from which any deviation is to be deprecated, 
but rather to specify a technique which careful observations have 
shown is likely to be accompanied by the smallest experimental 
error and to be most easily repeated by different workers. It 
is left to the individual observer to decide whether deviation at 
any point will result in increased convenience or cheapness with- 
out appreciable loss in accuracy or in comparability with the 
tests of workers in other laboratories. In some instances con- 
siderable modification may be justified in order that the results 
of examination of a particular water supply may be kept com- 
parable with those of a long previous series. Fach test is 
described separately so that it may be used either as part of a 
complete bacteriological examination, or separately as a daily 
or weekly test in the routine control of water supplies. 
Comments on the technique described in this report and sug- 
gestions for its amendment arising from experience of its use 
will be welcomed and should be addressed to the Medical 
Department, Ministry of Health, Whitehall, London, $.W.1.* 


* A full discussion of the general principles underlying the technical pro- 
cedures in both the plate and the coliform counts will be found in a ye 
by G.S. Wilson and his colleagues (1935). 
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The necessary apparatus and its preparation are described in 
detail in Appendix B, and recipes and methods for the prepara- 
tion of media in Appendix C. These prescriptions should be 
strictly followed if uniform results are to be obtained. For the 
same reason the use of certain proprietary preparations of estab- 
lished merit has occasionally been prescribed. 


The examination should be commenced immediately after 
receipt of the sample at the laboratory. If this is impracticable, 
the sample should be placed in the ice-chest until it can be 
examined. It is desirable that not more than eight hours should 
elapse between the collection of the sample and its examination ; 
if this interval is longer, it should be expressly noted on the 
report. 


SECTION VII. 
THE PLATE COUNT. 


Water contains micro-organisms having different optimum 
temperatures of development. In general the natural water 
bacteria, i.e., those bacteria which are found more frequently 
in water than in any other situation, grow freely at temperatures 
between 20° and 30° C., while parasitic bacteria and bacteria 
of soil and sewage origin tend to grow best in the neighbourhood 
of 37° C. Since these two groups of organisms vary in their 
sanitary significance, it is desirable to count them separately. 
For this reason two sets of plates are usually prepared, one of 
which is incubated at about 22° C. and counted after three 
days, the other of which is incubated at 37° C. and counted after 
two days. For routine control purposes counts may be made 
after a shorter period of incubation, but, since under these con- 
ditions the number of visible colonies will often be considerably 
lower, the standard of interpretation of the results will neces- 
sarily be different. 


Though in the past gelatin was largely employed for the 
22° C. count, it is now being generally replaced by agar. A 


' gelatin medium has the disadvantage of being more difficult 


and costly to prepare, of being unusable in hot countries, and 
of frequently being liquefied by growing organisms before the 
plates have had their full period of incubation. The one ad- 
vantage of gelatin over agar, namely, the differentiation it affords 
between liquefying and non-liquefying colonies, is of very doubt- 
ful value, and few bacteriologists nowadays would regard the 
presence of gelatin-liquefying organisms with greater severity 
than that of their non-liquefying companions. The use of agar 
for both the 22° C. and 37° C. counts also avoids a needless 
multiplication of media. Since both counts are made in the same 
way, except for the difference of their conditions of incubation, | 


_ they will be described together. 
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(a) Diluent. 


Tap water may be employed if it has been shown that it is free from 
any marked germicidal activity. Distilled water, if it has been distilled 
in glass and not in metallic stills, is also permissible. Preferably, one- 
quarter strength Ringer’s solution should be used (Appendix C. XX). 


(b) Filling the dilution bottles with diluent. 


The sterile diluent should be measured out with aseptic. precautions 
into sterile dilution bottles, either by a sterile 90 ml. delivery pipette or 
by a suitable sterile automatic all-glass delivery burette. Alternatively, 
sterile test tubes may be preferred instead of dilution bottles, and 
quantities of 9 ml. instead of go ml. of diluent put up. The loss in accuracy 
of dilution is not great and is balanced by the diminished cost of glass-ware. 


(c) Preparation of the dilutions. 


The sample bottle should be inverted 25 times by a rapid rotatory 
movement of the wrist in order to distribute any deposit uniformly through- 
out the water. After flaming the mouth of the bottle, one quarter of its 
contents should be poured off, the stopper re-inserted, and the bottle 
shaken 25 times, each shake being an up-and-down movement with an 
excursion of about one foot, the whole shaking to last 12 seconds. One, 
two, or, rarely, three dilutions, according to the nature of the sample, 
each ten times the previous one, should be made either in dilution bottles 
or in test tubes by carrying over a suitable quantity of the water to nine 
times its volume of diluent, mixing thoroughly, carrying over a similar 
quantity of the tenfold diluted water to a further nine volumes of diluent, 
and so on. 


(1) The Bottle method of dilution. 


In the actual process of making the dilutions, a sterile 10 ml. pipette 
should be inserted into the sample bottle with its tip reaching not more 
than 1 inch below the surface of the water. The water should be sucked 
up ten times approximately to the 10 ml. mark, in order to wet the interior 
of the pipette thoroughly; 10 ml. of water should then be measured, hold- 
ing the pipette in the vertical position, the lowest part of the meniscus 
just touching the 10 ml. mark. The pipette should be removed from the 
bottle, its tip being touched during the process against the neck of the 
bottle about 4 inch below the rim, so as to remove any excess adhering 
to the outside. It should then be introduced into the first dilution bottle 
with the tip below the neck of the bottle but above the level of the diluent. 
The pipette should be held vertically and the water allowed to flow out 
by gravity; before withdrawal, the tip of the pipette should be touched 
against the neck of the bottle at the lowest possible point. On no account 
must the pipette be allowed to come into contact with the diluent. The 
pipette should then be discarded. Before sterilization every pipette should 
be fitted with a plug of cotton-wool at the upper end to prevent contamina- 
tion of the interior by organisms from the mouth. The first dilution 
bottle should be shaken 25 times, a fresh 10 ml. pipette taken, and using 
exactly the same technique as before, 10 ml. of the 1 in 10 water should 
be transferred to the second dilution bottle.* 


(2) The Test-tube method of dilution. 


Alternatively, the dilutions may be made in test tubes, 6 by ? ins., by 
transferring 1 ml. of the water to a test tube containing 9 ml. of diluent, 
mixing thoroughly, and carrying over 1 ml. of the 1 in ro dilution to a 





* When the sample is known to be of a comparatively pure water, it is 
unnecessary to make the 1 in 100 dilution. 
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second test tube containing 9 ml. of diluent. In the actual process of 
making the dilutions, a sterile 1 ml. pipette should be introduced into the 
sample bottle with its tip reaching not more than 1 in. below the surface 
of the water. The water should be sucked up ten times to the z ml. mark, 
and 1 ml. of water should then be measured out, holding the pipette in the 
vertical position. The pipette should be withdrawn, the tip being touched 
against the neck of the bottle to remove any excess adhering to the out- 
side; it is then introduced into the first test tube of the diluting series with 
the tip touching the side of the tube at a point about 1 in. above the level 
of the diluent. It is important that the pipette should not come into 
contact with the diluting fluid. The water should then be blown out, 3 
seconds should be allowed to elapse for drainage, and the remaining con- 
tents blown out. The pipette should then be discarded. A fresh pipette 
should be introduced into the 1 in 1o dilution, withaits tip reaching not 
more than 1 in. below the surface of the diluent, the fluid sucked up ten 
times to the 1 ml. mark, 1 ml. measured out with the pipette in the 
vertical position, the pipette removed from the fluid, its tip being touched 
against the side of the tube about 2 ins. below the rim so as to remove any 
excess adhering to the outside, the pipette transferred to the second tube 
of the diluting series, introduced with its tip touching the side of the tube 
about 1 in. above the level of the diluent, and the contents expelled in the 
manner described above. 


(d) Inoculation of the plates. 


_ A sterile 1 ml. delivery pipette should be taken and, commencing at 
the highest dilution and working up to the original water, 1 ml. portions 
should be transferred to sterile Petri dishes. For example, the pipette 
should be introduced into the second dilution (zr in 100 water) with its 
tip not more than 1 in. below the level of the fluid; the fluid should be 
sucked up ten times, 1 ml. measured out, the pipette withdrawn, the tip 
touched against the interior of the neck of the bottle or test tube to remove 
excess adhering to the outside, the 1 ml. blown out gently, so as to avoid 
splashing, into the centre of a sterile Petri dish, the tip of the pipette 
being held about 3 in. above the level of the glass, an interval of 3 
seconds allowed to elapse, the tip of the pipette touched against the glass 
at a point some distance from the fluid already delivered, and the last 
drop blown out. Two Petri dishes should be inoculated each with 1 ml. 
portions from the second (1 in 100) dilution,* four dishes from the first 
(x in ro) dilution, and four dishes from the original water. 

With water of which the normal bacterial content is known as the result 
of a long series of examinations, modifications of the. procedure just 
described may be adopted, one dilution only, or even the undiluted water 
alone, being employed for inoculating plates, and the quantities chosen 
being such as to give an easily countable number of colonies. For such 
waters also the bacteriologist may rightly prefer to continue examination 
with the technique responsible for previous results, so as to maintain 
historical continuity, reserving the technique of this Memorandum for un- 
known or less accurately known specimens. 


(e) Pouring of the plates. 

A sufficient number of tubes each containing 10 ml. of standard nutrient 
agar are boiled up, and cooled down to 45°-50° C. Into each of four plates 
inoculated with the original water, each of four plates with the 1 in Io 
water and, if required, each of two plates with the I i210O0 water, are 
poured ro ml. of nutrient agar. Immediately this has been done, mixing 
should be performed by a combination of rapid to-and-fro shaking and 
centrifugal movements lasting over a period of 5-10 seconds, the plate 
being kept flat on the bench throughout the whole process. The exact 
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* See footnote on p. 20. 
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procedure consists in 5 to-and-fro movements followed by 5 centrifugal 
movements in a clockwise direction, succeeded by 5 to-and-fro movements 
at right angles to the first set followed by 5 centrifugal movements in an 
anti-clockwise direction. After mixing, the plates should be allowed to 


stand, if necessary on ice, for about one hour, after which they should. 


be transferred to the incubator. 


The time that elapses between the preparation of the dilutions and the 
pouring of the plates should on no account exceed 15 minutes. 


(f) Incubation of the plates. 


Two of each set of four plates made with the original water and with 
the 1 in ro dilution should be incubated at 37° C. for two days, and two 
at 20°-22° C. for three days, in each case bottom upwards. The two 
plates made with the 1 in 100 dilution should be incubated at 20°-22° C. 
for three days. 


If water-jacketed incubators are not available, it is important to check 
frequently the temperature of the incubator in the neighbourhood of the 
plates so as to make certain that it does not rise too high. In many 
electrically heated 37° C. incubators it is not uncommon for the air near 
the radiants to reach a temperature of 45° C. The atmosphere of the 
incubator should be kept moist. If stacking of the plates is necessary, 
they should be staggered in such a way as to interfere as little as possible 
with the circulation of air round them in the incubator; no stack should 
be more than six plates high unless a cellular incubator, in which the 
heating is from the sides, is used. The growth of surface spreaders may be 
restricted by incubating the dishes in an inclined position. 


(g) Counting the plates. 


(i) Plates incubated at 37° C.: These should be removed from the in- 
cubator and counted after 42-48 hours. 


Plates containing between 30 and 300 colonies should be selected for 
counting, the remainder being discarded. No plate containing less than 
30 colonies should be counted unless the plates made from the undiluted 
water contain less than this number, and no plate containing more than 
300 colonies should be counted (except when it is one of a pair of which 
the other gives a count of 300 or less) unless the plates made from the 
I in 10 dilution contain more than.this number; in either of these events, 


the result must be returned as ‘‘ approximate only.’’ If there are more 
' than 300 colonies in both plates made from the 1 in 1o dilution, the count 
may be reported as ‘‘ more than 3,000 colonies per ml.’’ If on naked eye 


inspection there appears to be a gross discrepancy between the numbers 
of colonies in plates made from different dilutions a rider should be added 
in the report, drawing attention to this fact. Plates should be counted 
within four hours of their removal from the incubator; if this is im- 
practicable, they should be placed in the ice-chest till they can be counted. 
The best method of counting is with a specially constructed box, such 
as that described by Mattick and Hiscox (1933) or by G. S. Wilson and 
his colleagues (1935), allowing of examination of the plates by combined 


reflected and transmitted artificial light against a dark background. Direct. 


daylight should be prevented from reaching the plate by means of an 
opaque screen. The plate should be examined with a magnifying glass 
of 4 in. focai length giving a magnification of approximately 2} diameters. 
Every object that is of such a size, shape, colour, opacity and refractivity 
as to leave no doubt in the observer’s mind that it is really a colony, 
should be counted as a colony; small objects in the medium about whose 
nature there is any doubt should be disregarded. 


(ii) Plates incubated at 20°-22° C.: These should be removed from the 


incubator and counted after 66-72 hours. 
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The same principles should govern the enumeration of colonies in these 
as in the 37° plates. If there are more than 300 colonies in the plates 
made from the 1 in roo dilution, the plate count may be reported as’ 
‘“ more than 30,000 colonies per ml.’’ 


(h) Reporting the results. 


Water contains a large number of different species of organisms a certain 
proportion of which are dead. Under aerobic conditions of incubation 
in the standard nutrient media recommended not all of the living 
organisms find conditions suitable for development. Since, moreover, some 
of the organisms occur in the form of pairs, groups, chains, or even dense 
clumps, not every living organism that is capable of developing gives rise 
to a separate colony. It is therefore clear that the number of colonies 
does not correspond with the total number of organisms present in the 
water. For this reason the plate count results should be reported, not in 
terms of the number of organisms per ml., but as the number of colonies 
developing per ml. of the original water, or more briefly as the plate count 
per ml. For estimating this figure, all plates containing between 30 and 300 
colonies should be taken, the number of colonies multiplied by the re- 
ciprocal of the dilution, and the arithmetic mean determined. 

In the plates made with the undiluted water it may be found that 
one of a pair incubated at the same temperature develops less than 30 
colonies and the other more than 30, or that in the 1 in 1o dilution one of: 
the plates develops more than 300 colonies and the other less. In either 
of these cases the mean of the two plates should be taken in estimating 
the number of colonies per ml. The same applies to plates of 1 in 100 
dilution incubated at 20°-22° C, 

If in both plates made from the original water the number of colonies 
is less than 30, the mean of the two plates should be taken and the results 
expressed as ‘‘ approximate only.’’ If in both 37° plates (made from the’ 
1 in ro dilution), or in both 20°-22° plates (made from the 1 in 100 dilu- 
tion), there are more than 300 colonies, the results should be expressed 
as ‘‘ more than 3,000 colonies per ml.’’, or ‘‘ more than 30,000 colonies 
per ml.’’, respectively. 


SECTION VIII. 


THE PRESUMPTIVE COLIFORM COUNT. 


In accordance with well-established usage, the term “‘ coli-. 
form ’’ is here employed to include all Gram-negative non- 
sporing rods capable of fermenting lactose with the production 
of acid and gas, and of growing aerobically on agar media con- 
taining 0-5 per cent. bile salt. Since the number of such. 
organisms in water is usually smail, the direct plate-counting 
method on a differential medium is not practicable. Often large 
quantities of water have to be inoculated to detect a single one, 
and for this reason recourse has to be made to the so-called 
“dilution method ’’ of counting. In this method, as used in 
general bacteriology, measured quantities of the bacterial suspen- 
sion to be counted, or of one or more suitable dilutions, are 
inoculated into tubes of a liguid medium. These are incubated 
under appropriate conditions and observed for signs of growth. 
Provided a proportion of the inoculated tubes remain sterile, it 
is assumed that every tube in which growth is manifest received 
an inoculum of at least one living bacillus. From the number 
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of tubes showing growth in relation to the total number inocu- 
lated, it is possible by suitable probability tables to estimate the 
approximate number of living organisms in the original 
suspension. 


As applied to the numerical estimation of coliform bacilli 
in water, the method has to take cognizance of the fact that 
these organisms are not present in pure culture. Attempts to 
overcome this difficulty generally take the form of choosing a 
selective medium containing lactose, in which members of the 
coliform group are the only organisms capable of growing and 
of fermenting the sugar with the production of acid and gas. 
Numerous media are available for this purpose. Without dis- 
cussing their respective merits in detail, we may point out that 
in this country MacConkey’s lactose bile salt neutral red broth 
is widely used and has proved by experience to be admir- 
ably suited for this particular purpose. The inclusion of bile 
salt serves to inhibit the growth of organisms of the aerobic 
spore-bearing group which, as American observers have found, 
are not infrequently responsible for false positive reactions in 
simple lactose broth. It is true that the bile salt has a slight 
inhibitory effect on the growth of the coliform organisms them- 
selves, but this disadvantage is more than outweighed by the 
practically complete elimination of false positive reactions. 
With very few exceptions it may be taken that the production 
of acid and gas in MacConkey medium inoculated with water 
indicates the presence of coliform bacilli. Since the conclusive 
proof of this can be brought only by further tests, a reaction 
of this sort is generally referred to as a “‘ presumptive positive 
coliform reaction.’’ The presumption is, im this country, how- 
ever, very high. In other countries, where the water flora is 
different, false positive reactions in this medium may not infre- 
quently be encountered (Atkinson & Wood, 1938). 


The Sampling Error of the Coliform Count. 


In the past it has been usual to report the results of the 
coliform test according to some such formula as the following: 


Present in 100 ml.; absent from 10 ml.; or present in 
ro ml.; absent from 1 ml. 


Though this practice has something to recommend it, aiming 
as it does at only an approximate numerical estimate of the 
coliform bacilli present, it takes no account of the very large 
sampling error inherent in the dilution method of counting. 
This point requires elaboration. 


If a few organisms are homogenously distributed in a large 
volume of fluid and small portions of the fluid are with- 
drawn for examination, it is entirely a matter of chance 
whether any particular portion will contain an organism or 
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not. The greater the number of organisms there are, and 
the larger the volume of the portions of fluid taken, the higher 
are the odds in favour of an organism being contained in any 
particular portion; and reversely the fewer the number of 
organisms and the smaller the volume of fluid examined, the 
lower are the odds that any particular portion will contain an 
organism. Since the object of the dilution method of counting 
is not merely to demonstrate the presence of the organisms, but 
to arrive at an estimate of their numbers, it is necessary to 
inoculate multiple tubes with comparatively small volumes of 
fluid rather than one or two tubes with very large quantities. 
Indeed, within limits, the more the total volume of fluid to be 
inoculated is subdivided into small portions, the greater is the 
amount of information obtained. It is also necessary for the 
volume of the portions to be so selected that only some of them 
contain, or are likely to contain, one organism. If all the 
tubes inoculated show growth, the most that can be said is that 
more than a certain number of organisms were present; or if 
none of the tubes inoculated shows growth, that less than a 
certain number of organisms were present. 

Assuming that the volumes of the portions have been 
correctly selected, and that five tubes of MacConkey medium 
have been inoculated with ro ml., five tubes with 1 ml., and 
five tubes with o-1 ml. of water, the following result might be 
obtained : 

5 out of 5 tubes of ro ml. show acid and gas, 
oO out of 5 tubes of r ml. show acid and gas, 
oO out of 5 tubes of 0-1 ml. show acid and gas. 


It, however, a second series of tubes had been put up at 
the same time, it is quite possible that the following result 
might have been obtained: 

4 out of 5 tubes of ro ml. show acid and gas, 

3 out of 5 tubes of r ml. show acid and gas, © 

O out of 5 tubes of 0-1 ml. show acid and gas, 
or, less likely, but still possibly: 


4 out of 5 tubes of ro ml. show acid and gas, 
I out of 5 tubes of 1 ml. show acid and gas, 
2 out of 5 tubes of 0-1 ml. show acid and gas. 


Reference to the probability tables on pp. 57-58 will show that 
any of these three results might have been obtained with water 
containing 25 living coliform organisms per t00 ml. With the 
first result there would be no difficulty in using the time- 
honoured formula of :— 


s, Coliform organisms present in 10 ml.; absent from 
ToD... 


With the second result some difficulty would have arisen. Most 
analysts, however, would probably have reported 


a ria organisms present in 1 ml.; absent from 
O-r ml.’ 
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The third result would have been still more difficult to interpret. 
Some analysts would probably have reported coliform bacilli 
as present in r ml., while others might have reported them as 
present in 0-1 ml. A few might have neglected the positive 
reactions with the smaller portions, and returned the result as 
positive in 10 ml. only. Yet in each instance the water would 
have contained exactly the same numbers of coliform bacilli. 

It is clear that this method of reporting is open to grave 
objections, and some better method is desirable. Various 
workers, such as McCrady (1915), Greenwood and Yule (1917), 
and Stein (1917, 1919) have devised formulae, based on the laws 
of probability, from which it is possible to calculate the number 
of organisms that are probably present when any given pro- 
portion of the tubes inoculated show growth, or acid and gas 
production, or other characteristic change. McCrady (1918) and 
Hoskins (1934) have both published tables that are peculiarly 
suitable for use in water analysis. By means of these tables it 
is possible to report the probable number of coliform bacilli per 
100 ml. of water. 

Unfortunately, as has already been pointed out, the dilution 
method of counting has a very large sampling error. Halvorson 
and Ziegler (1933), to whom reference should be made for the 
theoretical considerations involved, state that when five tubes 
are used for each of three dilutions, the probable figure yielded 
by the tables may be too high by 260 per cent. of the real 
value or too low by 70 per cent. Assuming, for example, that 
the probable figure obtained is 10 coliform organisms per 
roo ml., then the lower (X,) and upper (X:) limits respectively 
are :— 

Xy1 + 2:6 Xy 
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In other words the real number of coliform bacilli present falls 
between about 3 and 33 per 100 ml. The figures given, therefore, 
by these tables are subject to a wide margin of variation, and 
their use in practice is liable to be misleading unless the extent 
of this variation is constantly borne in mind. 

How then are we to report the results of the coliform test? 
Fortunately what we really want to learn from the test 1s not 
the exact numbers of coliform bacilli present, but the maximum 
numbers that may be present. Supposing, for example, we allow 
3 or 4 coliform bacilli in every 100 ml. of a piped water supply, 
and 15 in every 100 ml. of a non-piped supply, we want to know 
how often the probable number of coliform bacilli obtained from 
the tables is likely to under-estimate the real number. While it is 
true that the variations given above may occur occasionally, it 
must be remembered that these are extreme variations. In 
actual practice the great majority, somewhere about 80 per 
cent., of the probable figures given will fall between about one- 
half and double the real figure. If, for example, the real 
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number of coliform bacilli per 100 ml. is 2, then a probable 
figure of between I and 4 bacilli per 100 ml. will usually be 
obtained. If the probable figure exceeds the real figure, the 
water may be unjustly condemned; but if the probable figure 
is less than the real figure, there is a danger that a contaminated 
water may be passed as satisfactory. It is this latter contingency 
which we must guard against. 


From Halvorson and Ziegler’s work it would appear that the 
chance of obtaining a probable figure less than half the real 
figure is approximately 15 to I against. Consequently if we 
base our standard on the probability figures, we must be careful 
to select such a figure as will more or less guarantee that the 
real number of coliform bacilli present is not likely to exceed 
a dangerous limit. If, for example, the probable figure given 
by the tables is I per 100 ml., then it is unlikely that the real 
figure will be greater than 2 per 100 ml. It is for this reason 
that the standards we have laid down in Section VI may seem 
to be unnecessarily severe. In the interpretation of these 
standards, however, it must be remembered that the probable 
figure is as likely to over-estimate as to under-estimate the real 
figure. In practice, therefore, the occurrence of a probable 
figure exceeding the standard laid down is bound to occur 
fairly frequently even when the real number is within the 
standard. For practical purposes, provided the standard is 
not exceeded more than once in 5 or I0 examinations, no undue 
alarm need be experienced. 


Technique of the Presumptive Coliform Count. 


(a) Inoculation of the MacConkey broths.—With good waters one 50 ml. 
quantity and five 10 ml. quantities of water should be inoculated into 
MacConkey broth; with medium waters one 50 ml., five 10 ml., and five 
1 ml. quantities should be used; with poor waters five 1 ml. quantities 
of a 1 in ro dilution should be included in addition, the single 50 ml. 
quantity being omitted if desired. The mixing of the water in the sample 
bottle and the preparaton of the dilutions are carried out in the same 
way as in the plate count. Except with very bad waters, only a single 
dilution (z in 10) is required. 

In the actual process of inoculation a sterile 1 ml. delivery pipette 
should be introduced into the bottle or test tube containing the 1 in 10 
dilution of water with its tip reaching not more than 1 in. below the 
surface of the diluent. The fluid should be sucked up ten times to the 
1 ml. mark in order to wet the interior of the pipette thoroughly and 
1 ml. of fluid should then be measured out, the pipette being held in the 
vertical position. The pipette should be withdrawn and the tip touched 
against the neck of the bottle, or the side of the test tube, to remove 
excess fluid adhering to its exterior. It is then introduced into a tube 
containing 5 ml. of single strength MacConkey broth with the tip touching 
the side of the tube about 1 in. above the level of the broth. The 
contents should be blown out, 3 seconds allowed to elapse, and the last 
drop blown out. With the same pipette a fresh 1 ml. quantity is taken 
up rom the: 1m 10 dilution and inoculated into a second tube of 
MacConkey broth. The process is repeated till all five tubes of broth 
have been inoculated from the 1 in to dilution. The same pipette is 
then transferred to the sample bottle containing the original water. The 
water is sucked up ten times to the 1 ml. mark, and five more tubes of 
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single strength MacConkey broth are inoculated in the same way: as 
before. The pipette is then discarded. , 

A sterile 10 ml. pipette should then be taken and inserted into the 
sample bottle containing the original water with its tip reaching not more 
than 1 in. below the surface. The water should be sucked up ten times 
approximately to the 10 ml. mark, and 10 ml. of water should be measured 
out, the pipette being held in the vertical position. The pipette should 
be withdrawn and the tip touched against the neck of the bottle about 
4 in. below the rim so as to remove any excess water adhering to the 
outside. It should then be introduced into a tube containing 10 ml. of 
double strength MacConkey broth, the tip being held about 3 ins. above 
the surface. The pipette should be allowed to discharge by gravity in the 
vertical position, and before removal its tip should be touched against 
the side of the test tube about 1 in. above the level of the medium. 
The same pipette is used to inoculate a total of five double strength 
MacConkey broths. It is then discarded. 

Finally, using a bulb pipette, one 50 ml. quantity of the original water 
should be inoculated into a bottle or large tube containing 50 ml. of double 
strength MacConkey broth. The transfer should be made under the same 
conditions as those used for the 10 ml. quantities, but is advisable in 
the interests of sterility not to suck the water up in the pipette more 
than once or twice before carrying it over to the medium for inoculation. 
The pipette is then discarded. 


Incubation and Examination of the MacConkey broths.—The inoculated 
MacConkey broths should be incubated at 37° C. and examined after 18 
to 24 hours. All tubes showing both acid and gas formation should be 
regarded as ‘‘ presumptive positives.’’ 

It may be noted that the amount of gas formed depends partly on the 
type of organism and partly on the nature of the peptone used. Typical 
coliform organisms, particularly Bact. col I, usually produce sufficient gas 
in 24 hours to displace at least a quarter of the medium in the Durham 
tube. Organisms of the I.A.C. group, on the other hand, though often 
producing as much or more gas than Bact. coli I, may produce little or 
none during the first 24 hours, and perhaps only a small amount after 
48 hours. Some of them grow much better at 30°C. than at 37°C. 
If, in a series of routine examinations, the amount of gas formed seems 
to be unusually small, it is well to try another brand of peptone. 

For practical purposes readings should be taken at the end of 18-24 
hours, and all tubes showing acid and an amount of gas sufficient or more 
than sufficient to fill the concavity at the top of the Durham tube reported 
as positive. If it should be judged desirable to undertake confirmatory 
and differential tests, the presumptive positive tubes should be treated in 
the way described later (see pp. 35-39). The remaining tubes should be 
re-incubated and examined after another 24 hours. Any further tubes in 
which acid and gas formation become apparent should similarly be regarded 
as ‘‘ presumptive positives,’’ and submitted, if necessary, to further ex- 
amination. In routine control work, however, if a number of tubes show 
acid and gas in the first 24 hours, there is usually no need to re-incubate 
the negative tubes. 


Reporting the Results —Appendix D gives three sets of figures, taken 
from McCrady, expressing the numbers of bacteria of the coliform group 
in 100 ml. of water, as shown by the various combinations of positives and 
negatives in one or other of the series of presumptive coliform tests in 
MacConkey’s lactose broth proposed in this Memorandum. 


If the series of tests employed is that in which one 50 ml. quantity and 


five 10 ml. quantities are put up, then Table II applies. If the series is 
one with one 50 ml., five ro ml., and five 1 ml. quantities then Table III 
applies. If the series preferred is one with five 10 ml., five 1 ml., and 
five o:1 ml. quantities then the probable number of the specific bacteria 
can be read from Table IV. If one 50 ml. quantity, five 10 ml., five 
1 ml. and five o-1 ml. quantities have been put up, one or other of Tables 
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III or IV must be used according to the results obtained; if all tubes seeded 
with o-1 ml. are negative, then Table III applies; if one or more tubes 
seeded with o:1 ml. are positive then Table IV should be used. 
The following examples with three different waters will make this 
clear :— ; 


Quantity of water put up in each tube 50 ml. rtoml. 1 mil. o-1 mi. 








No. of tubes put up ... wat or I 5 5 5 
No. of tubes showing positive reaction— 
(a) Re ie “& we z 5 3 O 
(b) ae im She ier I 5 4 I 
(c) en a oe a. I O I I 
(c’) js. ie : I Oo 2 os 


Combination (a) involves the use of Table III and gives accordingly the 
figure of 90 coliform bacilli per 100 ml. Combination (b) requires Table IV 
and gives the figure of 170 coliform bacilli per 100 ml. When, as in 
example (c), a positive with 50 ml. is succeeded by a negative with the 
ro ml. and one or more positives with the 1 and o-1 ml. quantities, the 
positive in the o-1 ml. quantity is transferred to the 1 ml. results making 
the series read as in (c') and giving the-figure 4 by Table III. 

The report should then be issued in terms of the probable number of 
coliform bacilli present in 100 ml. of water. Thus the report on example c 
would read as follows: 

Probable number of coliform bacilli present = 4 per 100 ml. of 
water. 


SECTION IX. 
THE DIFFERENTIAL COLIFORM TEST. 


Classification of coliform organisms. 
The first clear distinction between the members of the coliform 


_ groups is to be found in the pioneer work of MacConkey (1905, 


1909). MacConkey defined the aerogenes group as_ being 
sucrose-positive, dulcitol-negative, not producing indole, and 
giving a positive Voges-Proskauer test. These characters still 
form the basis of its differentiation, with certain additions that 
we owe to American observers such as Rogers, Clark and Davis 
(1914), Rogers, Clark and Evans (1914, 1915), Clark and Lubs 


(1915), Rogers, Clark and Lubs (1918), and Koser (1918, 1923). 


Work during the past few years has made it clear that the 
coliform group comprises members differing not only in their 
bio-chemical reactions, but also in their natural habitat. It is 
for this reason that their differentiation is assuming increasing 
importance in water examination. Broadly speaking, as already 
pointed out on p. 4, there is one group, of which the character- 
istic member is Bact. colt, whose natural habitat is the human 
and animal intestine. A second group, comprising Bact. aero- 
genes and Bact. cloacae, is frequently found on certain types 
of vegetation. A third, or intermediate, group seems to be 
commonly present in soil. Both the aerogenes-cloacae and the. 
intermediate groups may gain access with the food to the 
intestinal canal, and are indeed frequently found in this situa- 
tion, though as a rule only in small numbers compared with 
those of Bact. coli. A fourth, or irregular, group comprises - 
organisms that do not fit clearly into any of the three main 
groups, and about whose habitat we are still largely ignorant. 


a 
All four groups may be found in sewage. The interpretation 
that is to be placed on the finding of these various coliform 
organisms in water has already been discussed (pp. 11-14).. At 
the moment we are concerned with their classification and 
method of differentiation. 

In current practice the three tests most generally used for 
distinguishing between Bact. coli, the intermediate group, and 
the aerogenes-cloacae group are the methyl-red, the Voges- 
Proskauer and the citrate-utilization tests. (For the rationale 
of these tests reference must be made to text books of 
Bacteriology). For sub-division of these groups certain other 
tests are used, such as the indole test, the gelatin-liquefaction 
test, and the 44° ‘C. MacConkey test. Table I gives” the 
reactions of the various members towards these tests, together 
with what information we possess about their natural habitat, 


TABLE [. 
Differentiation of the coliform group. 





Gas in | Gelatin . 
Growth Mac- lique- | . Probable 
a MLE. | Vib: in Indole | Conkey | faction Habitat, 
-| citrate. at 44°C, | 7 days. 











as == ae = Human and 
animal 


Bact, coli, type I, faecal | + = | 
intestine, 











— bane so = Doubtful ; 
| | probably 
not 
primarily — 
intestinal. — 


cL 


6 |  _ Orr Oe ‘ 
4 
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Bact. colt, type II are + — 
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“+ — -- — Mainly soil. 


- Intermediate, type II... oe — 


| | 


Bact. aerogenes, type |... — + + = = os Mainly 
vegetation. 
Bact. aerogenes, type II -— + + — _- Mainly . 


+ of -- - Mainly soil. . 
vegetation. 


K 





Bact. cloacae... Le ee se + — _ + Mainly 3 
vegetation. — 

Irregular, type I noe + = ke + - ae Human and ; 
animal x 
intestine. 





Irregular, type II aS a — — — +- — Doubtful. 








Irregular) other types..% Reactions variable. . Doubtful. 
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It will be noted that the ability to form indole, though 
possessed by the faecal coli type, is also characteristic of certain 
intermediate and aerogenes strains; a positive reaction has not | 
therefore the differential significance which has often been 
attributed to it in the past. It is of value, however, in dis- 
tinguishing between the faecal and non-faecal types of Bact, 
coh. 

Gelatin liquefaction is of little importance, and its use is. 
more of academic than of practical interest. It serves to 
differentiate between Bact. aerogenes and Bact. cloacae. Since 
the presence of these organisms in water has much the same 
sanitary significance, there is very little point as a routine in 
attempting their differentiation. For certain special purposes, 
however, this may be desirable. It must be remembered that 
gelatin liquefaction is often very slow, and may require two 
or three weeks to become apparent. Some of the irregular 
strains liquefy gelatin, and this may help to differentiate them 
from one or other of the main types which otherwise they 
resemble. | 

The ability to form gas in MacConkey broth at 44° C. is a- 
test which has only recently been introduced, but which 
promises to be of considerable value. As will be seen from the 
table, it is practically specific for faecal coli and thus affords 
the most rapid method of identifying this organism we possess. 
The test is based on Eijkman’s original observation that coliform 
bacilli of animal origin are capable of fermenting glucose at 
46° C. The extreme discrepancy of the results obtained by 
different workers who used Eijkman’s test led to its virtual 
abandonment. Kecently, however, Levine, Epstein, and 
Vaughn (1934) in the United States and G. S. Wilson and his 
colleagues (1935) in this country have brought evidence to show 
that these discrepancies were largely due to differences in the 
temperature of incubation. For the test to work satisfactorily | 
a temperature in the medium of about 44° C. is required. In 
_ order to secure this, incubation in a carefully regulated water 
bath is essential. The variations in temperature in ordinary 
incubators, even if water-jacketed, are too great to permit the 
maintenance of a constant temperature in the medium. If the 
temperature in the medium goes up to 45° C. or 46° C., a 
certain proportion of true faecal coli strains fail to produce gas, 
while if it drops to 42° C., some of the intermediate and aero- 
genes strains develop sufficiently to produce gas and thus falsify 
the reaction. The replacement of glucose by lactose, and the use 
of MacConkey bile salt lactose broth in place of ordinary lactose 
broth, appear to render the test more specific. Information is 
still lacking on the degree of specificity which the test possesses, 
but the observations of G. S. Wilson and his colleagues (1935) 
on milk, of Mackenzie and Hilton-Sergeant (1938) on faeces, of 
Bardsley (1938), Wright (1938), and the Metropolitan Water Board 
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(Harold, 1937) on water, and of Dodgson (1938) on shell- 
fish all agree in showing that, im this country at least, gas pro- 
duction in MacConkey broth at 44° C. is practically specific for 
the faecal coli type. In India, it may be noted, certain aero- 
genes or aerogenes-like strains whose natural habitat is still 
unknown, have been found capable of reacting positively in the 
44° C, MacConkey test (Raghavachari, 1938). The test still 
awaits trial on an extensive scale, but the data so far accumulated 
seem to justify its application to routine work. Practically every 
strain forming gas in MacConkey at 44° C. appears to belong to 
the faecal coli type, but whether every strain of faecal coli will 
form gas at 44° C. is still in doubt. Observations on this point 
will be welcomed by the Ministry. 


Principles of Differential Enumeration. 


The enumeration of the different coliform types in water is 
usually carried out by the plating method. One or two of the 
MacConkey broth tubes, which have been seeded with the 
smallest quantity of water giving rise to fermentation, are plated 
on to MacConkey agar, or other suitable medium. The colonies 
are examined on the following day, and four to six from each 
plate are inoculated into the various media required for the 
M.R., V.P., citrate, indole, and gelatin-liquefaction tests. 
From the proportion in which the colonies of the different types 
are present on the plates, the proportions in the original water 
are calculated. For example, supposing four colonies prove 
to be of the coli type and two of the aerogenes type, then it is 
concluded that approximately two-thirds of the coliform bacilli 
in the water are of the coli type. 


There are two serious objections to this method. In the first 
place, if the different organisms are present in unequal numbers, 
and if plating is restricted to one or two of the fermented tubes 
that have been seeded with the smallest quantity of water, it is 
probable that the colonies on the plates will consist entirely of 
the dominant organism. This is particularly likely to happen 
if dilutions are made, since the less numerous organism becomes 
diluted out, and the broths seeded from the diluted water contain 
only that type of organism which was most prevalent in the 
original sample. This difficulty may sometimes be overcome 
by plating all the fermented MacConkey broths and studying 
colonies from each plate. When, however, several tubes show 
fermentation, this method involves too much labour to be prac- 
ticable. In the second place, experience has shown that, even if 
the organisms are present in equal numbers, Bact. col has a 
strong tendency to outgrow the intermediate and aerogenes types 
in MacConkey broth. Hence the colonies on plates made from 
the fermented tubes will consist mainly or entirely of Bact. coli 
(see Bardsley, 1938). In either instance the proportion of the 
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coliform types on the plates will correspond not to the propor- 
tion present in the original water, but merely to the proportion 
‘present in the fermented MacConkey tubes from which the 
plates were streaked. 

The fact that this method has, on the whole, proved fairly 
satisfactory in this country is due mainly to two circumstances: 
firstly, that 80-90 per cent. of waters in this country appear to 
contain Bact. col (Bardsley, 1934); and secondly, that Bact. 
cols tends to overgrow the intermediate and aerogenes types, 
and not the reverse. In other words the plating method tends to 
be selective for Bact. coli, and since it is this organism in which 
we are mainly interested, its demonstration, if it is present, is 
as a rule successfully accomplished by the plating technique. 
As a method, however, for ascertaining the proportion of the 
different types of coliform organisms in the original water, it is 
very largely a failure. | 

To overcome these objections, a method has been suggested 
(see G. S. Wilson et al. 1935) for the differential counting of the 
coliform types which dispenses with the plating technique. 
Briefly it consists in inoculating al] the fermented 37° C. 
MacConkey broth tubes into (1) MacConkey broth, and (2) 
Koser’s citrate. The MacConkey tubes are incubated at 44° C., 
and the citrate tubes at 37° C., for two days. The development 
of gas in the MacConkey tubes is regarded as presumptive evi- 
dence of the presence of Bact. colt type I; the occurrence of 
growth in the citrate tubes is regarded as presumptive evidence 
of the presence of the intermediate-aerogenes-cloacae (I.A.C.) 
types. The coliform count in the original water is estimated 
from the number of fermented 37° C. MacConkey tubes by 
means of probability tables; the Bact. coli count is estimated 
from the number of fermented 44° C. MacConkey tubes; and 
the I.A.C. count is estimated from the number of 37° C. citrate 
tubes showing growth. The method depends, of course, on the 
use of two differential media, one for faecal coli and one for 
the [.A.C. types. Even if the different types are present in un- 
equal numbers in the original water, and even if Bact. coli does 
outgrow the other types in MacConkey broth, the presence of 
these organisms can be demonstrated by the use of such selective 
media, and their numbers then calculated in precisely the same 
way as in the ordinary dilution method of counting. This 
method, therefore, overcomes the two chief objections to the 
usual plating technique, and in practice is found to reveal 
organisms of the I.A.C. types far more frequently than the 
plating method (Wilson e¢ al. 1935, Bardsley, 1938). Indeed 
there is reason to believe that it is more sensitive than the plating 
method even for the demonstration of Bact. colt (Bardsley, 
1938), particularly in waters containing large numbers of other 
coliform bacilli. It does not, of course, differentiate between 
the intermediate, the aerogenes, and the cloacae types, as the 
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plating method does; but since the sanitary significance of these 
three types of coliform bacilli appears to be very much the same, 
this does not constitute a serious objection. : 

The principles of this method appear to be sound, but the test 
has not yet been tried out on a sufficiently extensive scale to 
justify its recommendation, except in a modified form, for 
routine purposes. The available observations (Wilson ed? al. 
1935, Bardsley 1938, Wright 1938, Harold 1937) suggest that 
the 44° C. MacConkey test is highly specific for Bact. colt I, but 
that the citrate test is not so specific, when used under these 
conditions, for organisms of the I.A.C. group. It has been 
found, for example, that when fermented 37° C. MacConkey 
tubes are subcultured directly into citrate, and growth occurs 
in this medium, the organisms responsible for causing turbidity 
frequently belong to the group of late lactose fermenters or 
glucose fermenters. I{:members of the.].AsG, ,aroup are 
present as well, then the additional presence of other organisms 
is of no importance, but if these other organisms are present 
alone, then the I.A.C. count, as calculated from the proportion 
of citrate tubes showing growth, will be too high. The rapidity 
of the method (the differential count being obtained within two 
days), its simplicity, and its economy in labour and cost, are 
all in its favour, but until a more specific medium than Koser’s 
citrate can be found for members of the I.A.C. group, the 
method in its present form does not seem suitable for routine 
purposes. 

On the other hand, in a modified form the method can be 
applied very satisfactorily to water analysis. What the bacteri- 
ologist mainly wants to know is whether organisms of the faecal 
coli type are present in more than minimal numbers. If they 
are, then the additional presence of I.A.C. organisms is of no 
practical interest. It is only when faecal coli are absent that 
the presence of other types of coliform bacilli becomes important. 
In practice, therefore, all fermented 37° C. MacConkey tubes 
can be subcultured into MacConkey broth at 44° C. If faecal 
coli are present, nothing more need as a rule be done, but if 
they are absent then the original fermented 37° C. MacConkey 
tubes can be examined by methods described on p. 35 for the 
presence of I.A.C. organisms. ) 

Another modification of the test that may prove useful is to 
inoculate a duplicate set of MacConkey tubes from the sample, 
and to incubate one set at 37° C. for the coliform count and the 
other at 44° C. for the faecal coli count; or alternatively a single 
set may be put up and incubated at 44° C. Here again our 
information is deficient and to some extent conflicting. Obser- 
vations by some workers suggest that the direct incubation at 
44° C. of MacConkey tubes inoculated from water yields a 
lower faecal coli count than if the tubes are incubated at 37° C. 
for 24 hours and then subcultured, if positive, into MacConkey 
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at 44° C. Other workers have found no such difference. 
Observations on this point are urgently needed. If the direct 
44° C. MacConkey test is reliable, then it will prove much the 
simplest and most rapid test in our possession for the demon- 
stration of faecal coli in water. 


TECHNIQUE OF DIFFERENTIAL COLIFORM TEST. 


A. Plating Method. 


One or two of the fermented MacConkey broth tubes—usually those 
seeded with the smallest quantity of water—are plated out on to a suitable 
solid medium. 

In this country, MacConkey’s neutral-red bile-salt lactose agar plates 
are ordinarily used. Other valuable media are, however, much employed 
abroad, as, for example, Endo agar and Eosin-methylene-blue agar (Levine). 
It is claimed for some of these media that they enable the observer to 
differentiate between Bact. coli and Bact. aerogenes by direct inspection 
of the colonies. With Eosin-methylene-blue agar, differences between the 
colonies of Bact. coli and Bact. aerogenes can, in fact, often be made out 
within 24 hours, though in 48 hours differentiation is much easier. The 
formule for the preparation of these media will be found in Appendix C 
and it is hoped that workers in this country who have the opportunity of 
doing so will employ them and report their results. 

Petri dishes of standard size into which about 15 ml. of melted 
MacConkey agar have been poured without bubbles and allowed to set, are 
first well dried by several hours’ incubation at 37° C. (or, preferably, 
by one hour in an incubator at 55° C.), in the inverted position and with 
the inner dish, which contains the medium, supported on the edge of the 
cover; such dried agar plates may be kept in stock, wrapped in paper, 
for “sevetal- “weeks in’ the’ retrigerator: * “A loopful (2° “to*’ 2," fany. 
diameter) of the primary culture, or preferably of a dilution of it prepared 
by mixing one loopful with one ml. of sterile broth, is then placed half 
way between the centre and the edge of the plate and spread over the 
surface by a sterile right-angled glass rod. In spreading, the drop should 
first be well distributed along the contact portion of the rod (about 14 in. 
long) by a to-and-fro motion and the rod then drawn round the rest of 
the plate; it should be kept gently but firmly in contact with the medium 
and parallel with the radii, until it has almost completed a circuit. 
Interruptions in the circuit by lifting the rod and re-applying a short 
distance further on help to increase the number of isolated colonies which 
is the object of plating; the rod should not cover the same surface of 
agar more than once. Other devices for obtaining isolated colonies, e.g., 
previous dilution of the primary culture, parallel and cross striations with a 
loop or straight wire, may be used according to personal preference. 

The plate is then incubated, bottom up, at 37° C. for 24 hours. 


‘Appearance of colonies; subculturing for differential tests. 


On MacConkey agar coliform colonies are usually circular in shape, convex 
or low convex in elevation, with a smooth surface and an entire edge. They 
are coloured red, but the depth of tint varies considerably. The normal 
colony of Bact. coli is deeply coloured and non-mucoid, whereas that of 
Bact. aerogenes is often a paler colour and mucoid in consistency. For fur- 
ther examination two or three coliform colonies, as far as possible of different 
appearance, are selected and subcultured. Should no typical colonies 
appear on the plate within 48 hours, it is well to select at least one of 
the predominant variety for further investigation bearing in mind the 
possibility that such atypical colonies may owe their absence of redness 
to a mere temporary slowing of their action on lactose. Should there be 
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any doubt in the observer’s mind whether the colonies selected are those 
of coliform or coliform-like bacilli, a film preparation should be made and 
stained by Gram. Only colonies consisting of Gram-negative non-sporing 
rods should be subcultured. 

In the process of subculture a speck of the bacterial mass forming the 
colony should be picked off with a straight wire, suspended thoroughly in 
a tube of peptone water (Appendix C. VI), and incubated at 37° C. 
After 4-6 hours’ incubation the culture should be used for the inoculation 
of two tubes of glucose phosphate medium (formula IX) for the methy]- 
red and Voges-Proskauer tests, one tube of citrate medium (formula XII) 
for the citrate-utilization test, one tube of gelatin (formula XI) for the 
liquefaction test, one tube of MacConkey’s broth to test for gas production 
at 44° C., and one tube of lactose peptone water for confirmation of lactose 
fermentation. The original peptone water culture can be re-incubated and 
used to test for indole formation. 


Technique for Differential Tests. 
_ In the performance of these various tests, the following procedures are 
recommended. 


(1) Indole Test.—The peptone water culture already referred to is 
removed from the incubator after three days and 1 ml. of ether added to 
it with vigorous shaking. It is then allowed to stand for a minute or 
two to allow of separation of the ether layer containing any dissolved 
indole, and a few drops (0°5 ml.) of Ehrlich’s reagent (Appendix C. XVIII) 
are allowed to run down the inside of the test tube. If the test is positive, 
the pink colour of rosindole appears within a few minutes. 

An alternative method, that of Holman and Gonzales (1923), which is 
said to be slightly more delicate, makes use of the volatility of indole at 
37° C. It consists in placing a strip of filter paper, soaked in a saturated 
watery solution of oxalic acid and subsequently dried, between the cotton- 
wool plug and the tube at the time of inoculation. The paper should be 


carefully folded so as to present the maximum surface to the volatilizing - 


indole during the growth of the culture. If indole is formed, the paper is 
turned pink. 


(2) Methyl-red Test.—Glucose phosphate broth (Appendix C. IX) is in- 
oculated with a loopful of the stock peptone water culture 4-6 hours old, 
and incubated for three days at 37° C. Five drops of 0-04 per cent. methyl- 
red solution are then added to the culture. A magenta red colour is con- 
sidered a positive result: a yellow colour is negative: pink or pale red are 
best considered as doubtful results. 


(3) Voges-Proskauer Test.—Glucose phosphate broth, similarly inoculated 
and incubated for two days at 37° C., has added to it 5 ml. of a Io per 
cent. solution of sodium hydroxide. The result is read after the tube 
has stood 24 hours at room temperature, or after heating the mixture to 
near boiling point for about half an hour. If positive, a pinkish-green 
fluorescent colour develops: if negative, no colour. 

A modified method has been put forward by O’Meara:—A knife point 
of creatin is introduced into the culture as above and 5 ml. of 4o per 
cent. potassium hydroxide are added. The tube is shaken for two to five 
minutes. If positive, a pink colour develops; if negative, no colour. 

(4) Growth in Citrate.—Tubes of citrate medium should be inoculated 
from the stock peptone water culture of 4 to 6 hours’ age by means of a 
straight wire, not a loop, so as to carry over as little as possible of 
the inoculating medium. The tube is then incubated for 24 hours 
at 37° C., or if no growth has occurred, for 48 hours. Opacity is con- 
sidered evidence of growth. If difficulty is experienced in determining the 
presence of opacity, brom-thymol-blue may be added in 0-008 per cent. 


concentration as an indicator. Growth is accompanied by a change in 
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colour from a pale green to a bluish-green or blue. Occasionally no 
growth may be evident for 3 or 4 days. 


(5) Gelatin liquefaction.—Inoculation of the solid medium should be 
performed with a straight needle charged with the stock peptone water 
culture (stab culture) or with a loop on the surface (slope culture), and the 
tube incubated at 20°-22° C. for 7 days. This time may be prolonged, if 
desired, to 21 days. 


(6) 44° C. MacConkey test.—The success of this test depends on the most 
rigid conformity to the technique about to be described. If an accurately 
regulated 44° C. water bath* is not available, the test should be omitted. 
A tube of single-strength MacConkey broth should be heated in a water 
bath to 44° C., and then inoculated lightly from the peptone water culture. 
It should be immediately returned to the 44° C. water bath, and examined 
after 18-24 hours. The presence of gas in the enclosed Durham tube is 
regarded as a positive reaction; absence of gas formation, even though 
growth or acid production is present, is regarded as a negative reaction. 
If no gas is present after 18-24 hours, the tube should be re-incubated 
for a further 24 hours. Very occasionally a strain of faecal coli may not 
form gas for 72 hours, but under ordinary routine conditions the tubes may 
be discarded as soon as gas is evident, or after 48 hours’ incubation. Gas 
production under these conditions is practically characteristic of Bact. 
coli, type I, faecal. Except for quite occasional irregular strains, the only 
other organism in this country likely to be met with giving a positive 
reaction in this test is Irregular II (see Table I, p. 30). 

It is very important that the water bath used should be maintained 
at a temperature of 44° C. with only the minimum variation. The bath 
should be properly lagged; it should be placed in a part of the laboratory 
that is free from draughts and from direct sunshine; and the temperature 
should be regulated with a mercury-toluol or other reliable thermostat. The 
indicator thermometer should be checked against an N.P.L. standard, 
and should have its bulb placed at the level of the medium in the 
MacConkey tubes. It is advisable, in addition, to use a continuous re- 
cording thermometer in order to make certain that the temperature does 
not depart from the 44° C. level by more than 0°5° C. Two control 
tubes of MacConkey broth should be included, one inoculated with a 
_ known strain of Bact. coli, the other with a known strain of intermediate 
er aerogenes type. If, for any special purpose, an even greater degree of 
temperature control should be required, a constant temperature bath of 
the type described by Temple & McClemont (1937) may be used. 


(7) Fermentation of lactose.—A tube of lactose peptone water (Appendix 
C. VII) is inoculated with a loopful of the peptone water culture, and in- 
cubated at 37° C. All the members of the coliform group produce acid 
and gas from lactose, the great majority within 24 hours. Some strains, 
however, particularly of the I.A.C. types, ferment lactose very slowly, and 
may form only a minimal amount of gas. Some of these strains grow 
-much better and produce more active fermentation at (22°-30° C.) 
thar ateg7"2G: 

B. Selective liquid media method. 

The rationale and general description of this method have already been 
given on pp. 32-34. It was pointed out that the original method was not 
altogether suitable for water analysis, but that modifications of the method 
might prove useful. The three modifications suggested are as follows :— 

(1) The presumptive positive MacConkey tubes at 37° C. are subcultured 
into MacConkey at 44° C. and incubated for 24-48 hours. The presumptive 
faecal coli count is calculated by means of the ordinary probability tables 
from the proportion of tubes at 44° C. showing gas formation. If no gas 
is produced in any of the 44° C. tubes or in only a very small proportion | 


* Suitable water baths are obtainable from Messrs. Charles Hearson and 
Co., Ltd., 68, Willow Walk, London, S.E.1, and from Messrs. Baird and 
daslock, Ltd., 14, St. Cross Street, E.C.1. 
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of them, the original fermented 37° C. MacConkey tubes that remain 
negative on subculture at 44° C. are inoculated into Koser’s citrate at 37° C. 
Growth within 2-3 days is regarded as presumptive evidence of the presence 
of I.A.C. organisms. Since the citrate test is not strictly specific under 
these conditions for organisms of the I.A.C. group, but may be given by 
late lactose fermenters or glucose fermenters, it is wiser not to express 
the results in probable numbers, but to confine the report to saying that 
the coliform organisms present appeared to belong to the I.A.C. or to 
irregular types (see p. 39). The occurrence of a certain proportion of 
false positives due to atypical organisms is to some extent counter- 
balanced by the rapidity and ease of the test, and by the fact that, even 
though typical I.A.C. organisms may not be present, late lactose fermenters 
and glucose fermenters are regarded by some workers as indicative of a 
minor degree of pollution and should not therefore be completely ignored. 


(2) As in (1) the fermented 37° C. MacConkey tubes are subcultured into 
MacConkey at 44° C. for the presumptive faecal coli count. If the 44° C. 
tubes are negative, the original fermented 37° C. tubes are plated on to 
MacConkey’s agar, and colonies are picked off the following day and 
identified by the tests already described under the Plating Method 
(pp. 35-37). By this method, which takes at least four days, the coliform 
organisms present can be identified, and mentioned in the report (see p. 39). 


(3) If only the faecal coli count is required, or is required very rapidly, 
the original water can be inoculated into MacConkey broth and incubated 
at 44° C. The presumptive faecal coli count can be estimated after 1-2 days | 
from the probability tables. It is possible that this method may slightly 
underestimate the faecal coli count, but for certain purposes this risk may 
be worth taking. 


Reporting the Results of the Differential Coliform Test. 


(a) When Method A is used.—It has been pointed out at some length 
(p. 32) that the proportions of coliform colonies of different types on the 
MacConkey plates correspond as a rule to the proportions in the fermented 
MacConkey tubes from which the plates were made rather than to the 
proportions present in the original water. For this reason it is advisable 
not to make any numerical estimate of the proportions of the different 
types of coliform bacilli present in the water itself, but to confine the 
report to stating that the presence of Bact. coli, Bact. aerogenes, or other 
coliform types was demonstrated by the usual differential tests in tubes 
seeded with a given amount of water. For example, supposing in Table II 
(Appendix D) acid and gas were produced in one tube of 50 ml. and two 
tubes of 10 ml., and supposing the 50 ml. tube and one of the 10 ml. tubes 
were plated out, with the result that colonies of faecal coli were found on 
both plates, and colonies of Bact. aerogenes only on the plate made from 
the 50 ml. quantity, then the report might read as’ follows: 

Probable number of coliform bacilli present = 6 per 100 ml. of 
water. 

Faecal coli were demonstrated in 50 ml. and ro ml. of water. 

Bact. aerogenes was demonstrated in 50 ml. of water. 


(b) When Method Bi is used.—If gas is produced in the MacConkey 
broths at 44° C. that were seeded from the fermented 37° C. MacConkey 
tubes, and faecal coli are thus shown to be present, the report should 
simply state the probable numbers of coliform bacilli and of faecal coli 
present. For example, supposing in Table II (Appendix D) acid and gas 
were produced in one 50 ml. and two 10 ml. quantities, and subcultures 
of each tube into MacConkey at 44° C. produced gas, then the report 
might read as follows: 

Probable number of coliform bacilli present = 6 per 100 ml. of 
water. | 
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Probable number of faecal coli present = 6 per 100 ml. of water. 
If no faecal coli were present and subculture of the fermented 37° C. 
MacConkey tubes into citrate was undertaken as in method B (1), and 
growth occurred in citrate, then attention should be drawn in the report 
to the présence of coliform organisms of non-faecal type. Since, however, 
the citrate test is not strictly specific for organisms of the I.A.C. group, 
but may be given by late lactose fermenters or by glucose fermenters, it 
is wiser not to express the results in terms of probable numbers, but to 
confine the report to saying that the coliform bacilli present appeared to 
belong to I.A.C. or irregular types. As an example, the report might read 
thus: 
Probable number of coliform bacilli present = 6 per 100 ml. of 
water. 
Faecal coli absent from 100 ml. of water. 
Coliform organisms appear to belong to the intermediate-aerogenes- 
cloacae or to irregular types. 

If faecal coli were present, but in numbers constituting. only a small 
proportion of the total coliform organisms, and subculture into citrate of 
the fermented 37° C. MacConkey tubes that remained negative on sub- 
culture at 44° C. was undertaken in order to confirm the presence of other 
types of coliform bacilli, and growth in citrate occurred, then this should 
be noted in the report. Thus supposing in the previous example, only one 
of the 10 ml. tubes at 37° C. when subcultured into MacConkey broth at 
44° C. produced gas, the other 10 ml. tube and the 50 ml. tube remaining 
_ negative, and subculture of these last two tubes into citrate yielded growth, 
then the report might read as follows: 

Probable number of coliform bacilli present = 6 per 100 ml. of 
water. | 

Probable number of faecal coli present = 1 per 100 ml. of water. 

Majority of coliform organisms present appear to belong to th 
intermediate-aerogenes-cloacae or to irregular types. . 


When Method B2 is used.—If no faecal coli are present, or present in 
numbers constituting only a very small proportion of the total coliform 
organisms, and the fermented 37° C. MacConkey tubes are plated out as in 
method B (2) and the resulting colonies identified, the report might read 
as follows: | 

Probable number of coliform bacilli present = 6 per 100 ml. of 
water. 

Faecal coli absent from 100 ml. of water. 

Bact. aerogenes, or other identified type, was demonstrated in 
50 and 1o ml. of water. 

When Method B3 is used.—If only the number of faecal coli present in 
the water is required, and method B (3) is used, the report can simply 
state whether faecal coli were present in 100 ml., and if so what their 
probable numbers were. If, for example, in Table II (Appendix D), 
gas was produced in the tube of MacConkey broth at 44° C. seeded with 
50 ml. of water, but not in any of the five tubes seeded with 10 ml., then 
the report would read as follows: 

Probable number of faecal coli present = 2 per 100 ml. of water. 


SECTION X. 


THE FAECAL STREPTOCOCCI TEST. 


Streptococci of various types are present in a number of situa- 
tions in the human body. In the faeces the most characteristic 
type is that usually referred to as Str. faecalis. This organism 
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is a Gram-positive coccus, generally occurring in pairs or short 
chains, growing in the presence of 0-5 per cent. bile salt, usually 
capable of development at 45°C., producing acid but not gas in 
manmitol and lactose, failing to atiack raffinose, failing to 
veduce mitrate to mitnte, producing acid in limus milk 
and precipitating the casein in the form of a loose but 
solid curd, and exhibiting a greater resistance to heat than 
most vegetative bacteria. It is generally regarded as non- 
haemolytic, though on blood agar plates it may sometimes give 
rise to a slight degree of alpha-haemolysis. Not all faecal strepto- 
cocci conform to this rigid definition; and it must be pointed 
out that streptococci departing in one or more particulars from 
the type species cannot be disregarded in water. In normal 
faeces streptococci may be present in numbers nearly as great 
as those of Bact. colt. 

Search for faecal streptococci in water is not recommended as 
a routine procedure. Its chief value lies in assisting the inter- 
pretation of the bacteriological analysis when the results of the 
coliform test are anomalous. When, for example, it is doubtful 
whether certain irregular types of coliform bacilli, which may 
be present in large numbers in the water, are or are not of 
faecal origin, the accompanying presence of faecal streptococci 
will constitute presumptive evidence that the irregular coliform 
types are derived from faeces. (See also p. 8.) 


Technique for demonstrating faecal streptococci. 


If MacConkey broths have been used for the coliform test, 
they will serve admirably for the demonstration of faecal strep- 
tococci. In MacConkey’s medium streptococci produce acid 
from the lactose, but as these organisms are often present in 
conjunction with coliform bacilli, every tube showing acid, or 
acid and gas, must be regarded as possibly containing 
streptococci of faecal origin. In attempting to prove their 
presence, advantage is taken either of the fact that they are 
more resistant to heat than most coliform bacilli, or that 
they will grow in a concentration of potassium tellurite which is 
inhibitory to coliform bacilli and most other Gram-negative 
organisms (Fleming 1932). The heating method is not altogether 
satisfactory, since a considerable proportion of the streptococci 
may perish as a result of the combined action of the heat and 
acid. It is difficult in practice to select a time-temperature com- 
bination that will destroy most of the coliform bacilli while 
leaving the majority of the streptococci unharmed. The second 
method, involving the use of a medium rendered selective by 
the inclusion of potassium tellurite, has been reported on favour- 
ably by (Harold 1936), and is said by him to be more delicate 
than the heating method. 

One or two tubes of MacConkey broth showing acid, or acid 
and gas, which have preferably been inoculated with different 
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quantities of water, are selected for further study by one or other 
of the following methods. 


(1) Heating method.—After very thoroughly mixing the primary culture, 
1 ml. (relatively speaking, an enormous amount) is withdrawn by means 
of a pipette and added to 9 ml. of sterile water in a test tube, the 
greatest care being taken to avoid side-smearing. The tube is immersed 
in a water-bath maintained at a temperature of 60° C., in which indeed 
it should have been standing for some time previous to the inoculation. 
The depth of water in the bath should be considerably greater than the 
height of water in the test tube. 


After a quarter-of-an-hour* the tube is withdrawn, shaken and by means 
of a sterile pipette, one drop (a relatively very large amount) is transferred 
to the surface of a MacConkey plate, and the liquid spread over the 
medium by means of a sterile bent glass rod. The plate is incubated 
for 24 ‘hours at 37° C., and then examined. There may be’ no 
coliform bacilli, or only a few, and the latter result is really to be 
preferred, as showing that the heating process has not been excessive. If 
streptococci were present in the primary culture, they will usually be 
found on the plate in considerable numbers and far in excess of any 
resistant coliform bacilli. They appear as minute characteristic reddish 
colonies. Several of them are picked off for subculture, each one being 
treated as follows :— 


A colony is picked off with a sterile wire and a lactose peptone 
water tube inoculated; the same wire, without going back to the 
original colony, is used to inoculate the condensation fluid of a 
nitrate agar (Appendix C. XV) slope culture, the wire thereafter being 
drawn upwards and laterally to and fro. After 24 hours at 37° C., 
the tubes are examined. If the lactose tube shows either no change, 
or gas formation, this is regarded as a negative result. If, however, 
the lactose tube is acid without gas formation, and the contents to- 
wards the foot of the tube have a characteristic reddish floury 
appearance, the results will usually be found to be positive. The 
condensation liquid of the agar slope is next examined microscopically 
and a note made of the appearance of the colonies on the slope, which 
ought to be characteristically minute. Faecal streptococci are usually 
very short-chained and are easily recognisable. The great majority 
of bacteria isolated from water reduce nitrates to nitrites; the 
streptococci do not possess this property. A few drops of 
metaphenylenediamine solution (Appendix C. XIX) are added to the 
agar slope culture—no brown coloration should result. 


It is advisable to test the action of the organisms on mannitol and 
raffinose; the typical Str. faecalis produces acid in mannitol but leaves 
raffinose unchanged. The ability to produce an acid caseinogen precipitate 
in litmus milk and to grow at 45° C. may be tested if necessary. 


(2) Tellurite method.—(a) Direct plating —The tubes of fermented 
MacConkey broth selected for further study are inoculated without heating 
on to the surface of a lactose agar medium containing a final concentration 
of 1 in 15,000 potassium tellurite (Appendix C, formula xvi). The 
plates are incubated at 37° C. for 24 hours. On this medium Sir. faecalis 
forms small bluish-black colonies, about 1 mm. in diameter, with a 
peripheral opalescence. One or two colonies are picked off and studied, as 
under (1), for their morphological, cultural, and bio-chemical reactions. In 
particular the ability of the organisms to form small reddish colonies on 


- MacConkey agar should be confirmed. 


* Shorter or longer periods may be tried, but } hour is usually about right. 
Strictly speaking, the heating operations should not be pushed beyond the point of 
rendering the isolation of streptococci easy, where before it was impossible 
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(b) Preliminary Enrichment. method.—Two drops or so of the fermented 
MacConkey broths are inoculated into a lactose broth medium containing 
a final concentration of 1 in 15,000 potassium tellurite (Appendix C, 
formula xvii). The tubes are incubated at 37° C. for 24 hours, and plated 
on to tellurite lactose agar, as under 2 (a). The resulting colonies. are 
studied in the way already described. This method appears to be rather 
more sensitive than the direct plating method. 


In recording the results of the faecal streptococci test, due consideration 
must be given to the fact that our technique of demonstrating these 
organisms is less satisfactory than that for coliform bacilli. Since the same 
dilution method is used in both instances, and since this method has, a 
very large sampling error, it is obvious that no exact count of the faecal 
streptococci is possible. On the whole it is advisable to confine the report 
to stating the smallest quantity of water in which faecal streptococci are 
found. This form of report is open to all the objections discussed in 
relation to the coliform count, but since far less importance attaches to 
the number of faecal streptococci than to the number of coliform bacilli, it 
serves the purpose of showing that faecal streptococci were present in the 
water and of giving a rough indication of their frequency. 


SEC DION At 


THE Clostridium welchiu TEST. 


In bacteriological work on water and sewage this organism 
was formerly referred to as B. enteritidis sporogenes. By im- 
proved anaerobic technique it has been found that stock cultures 
of B. enteritidis sporogenes, were, in fact, mixtures of two 
organisms—Cl. welchu, a natural inhabitant of the intestinal 
canal, and Cl. sporogenes, a natural inhabitant of sewage. 
Cl. welch is a stout Gram-positive rod, forming elliptical sub- 
terminal spores considerably wider than the bacillus itself, 
though spores are not usually formed in laboratory media. One 
of the most characteristic properties of this organism is the pro- 
duction of a change in litmus milk generally referred to as 
““ stormy fermentation.’’ The caseinogen of the milk is co- 
agulated by a rennet-like ferment; the lactose is broken down 
with the production of acid and gas; the gas blows the clot to 
pieces, and the litmus is reduced, and hence decolorized, by the 
growth of the organisms. The presence of Cl. welchu in water 
may be detected by either of two methods: (1) by seeding 
suitable quantities of freshly boiled litmus milk with the original 
water, heating the mixture to 80° C. for Io minutes to destroy 
non-sporing organisms, incubating anaerobically for three days 
at 37° C. and observing the development of stormy fermenta- 
tion; and (2) by applying the sulphite-reduction test. This test 
was introduced in 1925 by W. J. Wilson and E. M. McV. Blair, 


of Belfast (see also W. J. Wilson, 1931), as an indication of 


faecal pollution of water, additional to that obtained by the 
coliform reaction, and depends on the fact that Cl. welchu 
produces conspicuous black colonies when grown in agar con- 
taining glucose, sodium sulphite and iron. (See p. 8.) 
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Technique for demonstrating Cl. welchii. 


(1) The litmus milk method.—Graded quantities of the water, say I00 
ml., 20 ml., and 10 ml. are added to too ml. of sterile litmus milk in 
flasks, the mixtures heated at 80° C. for 10 to 15 minutes and incubated 
anaerobically. A positive reaction will appear after 24 to 72 hours at 
37° C.; a negative reaction is of little value in assessing the purity of the 
water. 


(2) The sulphite-reduction method.—Two plates are made as described 
in Appendix C., formula V., and after 24-36 hours’ aerobic incubation at 
37° C., the black colonies in the depth of the medium are counted. 

These colonies usually fall into four types:— 


(x) Large colonies, 5 mm. or more in diameter. These are usually 
colonies of Cl. welchii, but not infrequently contain strains of the 
coliform group. 


(2) Medium-sized colonies, 3-4 mm. in diameter. These also may 
be either -Cl. welchi or coli. 


(3) Small colonies, 1-3 mm. in diameter. 
(4) Tiny colonies less than 1 mm. in diameter. 


These types (3) and (4) are of less significance. Though absent 
from pure water, the bacteria producing them are probably saprophytic 
water bacteria, which may be present in a potable supply: during the 
summer months. 


The presence of large and medium colonies of types (1) and (2) indicates 
contamination, and W. J. Wilson regards the appearance of more than one 
large black colony in 40 ml. as showing the presence of Cl. welchu and 
justifying the suspicion of faecal contamination. His conclusion is based 
on the belief that Cl. welchu is not found in nature apart from faecal 
pollution: its power of producing resistant spores makes it a valuable 
index of intermittent contamination of water, in which circumstances the 
coliform test may give a series of negative results. 


In order to destroy non-sporing organisms some workers prefer to heat 
the water to 80° C. for 10 minutes before mixing it with the medium. 


The sulphite-reduction test of W. J. Wilson has not yet been widely 
reported upon publicly, but private zeports are favourable, and it is 
worthy of a place in conjunction with the coliform reaction. Recently 
W. J. Wilson (1938) has recommended incubation of his plates at 44° C., 
at which temperature Cl. welchi grows well and produces large black 
colonies, whereas the other bacteria producing smaller black colonies are 
restrained in growth; this procedure is worthy of adoption in further 
trials. The test would appear to be of particular value in the examination 
of water from surface wells where contamination is very often intermittent, 
and hence not so easily detected by the ordinary procedures. 
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APPENDIX A.—SAMPLING. 


(a) Collection of Samples. 
The following precautions should be strictly observed :— 


1. Sample Bottles should where possible be obtained from the laboratory 
performing the examination and should be of good quality glass free from 
excessive alkali. If a full examination is required, the bottle should be of 
about 230 ml. capacity, and should be provided with a ground glass stopper 
having an overlapping rim to protect the lip of the bottle from falling 
particulate matter in the air and from contamination with the fingers during 
removal of the stopper. The following are the specifications of a good 
type of bottle:— — 


Tn: Cm. 
Overall height ... Bee ne mee sa ris 64 = 16-5 
Outside diameter sy a ay Ne oe 2a = “hee 
Length of neck ... an an ae at aoe LG 
Outside diameter of neck e Es : ee ae hay 
Cubic capacity ... site at oe ey fo. 236 ml. 


If only a simple or a partial examination is required, involving a coliform 
count or a coliform plus a plate count, the bottle should be of the 4-ounce 
type. The following are the specifications of such a bottle:— 


In. Cm. 
Overall height... sop ie oe a a 4e> 1250 
Outside diameter ae wi 1 of i Qt 52 
Length of neck ... ee: one s. ik Te Seid 
Outside diameter of neck a 2 ay ee | 
Cubic capacity . ee: ; ee ml. 


It should be Ol ided with a ea ise ee having an overlapping 

rim to protect the lip of the bottle. Bottles of the 130 ml. and 230 ml. 
type are obtainable from Messrs. R. B. Turner and Co., 9, Eagle Street, 
London, W.C.1. 


2. Sterilization, if peared in the autoclave, should be carried out at 
a pressure of at least 15 lb. per square inch and maintained for 30 minutes. 
Before sterilization it is important to insert a strip of paper, about 3 in. by 
3 in., between the stopper and the neck of the bottle; this prevents 
jamming of the stopper and cracking of the glass on cooling. At least half 
of the strip should be outside the bottle, so that when the stopper is taken 
out the paper can be removed without danger of the fingers coming into 
contact with the rim. A cap of parchment paper should be tied on the 
stopper and neck and the whole bottle may be wrapped in brown (Kraft) 
paper if desired. If, after removal of the bottle from the autoclave, the 
paper wrapping is damp it should be dried off in an oven at a temperature 
not exceeding 160° C. 

Alternatively, sterilization can be ‘effected by dry heat for at least 2 
hours at 170° C. This is less likely to cause deterioration of certain kinds 
of glass. 


3. Neutralization of Chloramine or Chlorine.—If the water to be sampled 
contains, or is likely to contain, traces of chloramine or chlorine, one or 
two small crystals of sodium thiosulphate should be placed in the bottle 
prior to its sterilisation for the purpose of destroying any traces of these 
chemical reagents. 


4. The bottles should not under any conditions be opened until the 
moment at which they are required for filling with the water and should 
on no account be previously rinsed out before taking the sample. 

In collecting the sample, carefully remove the cap covering the stopper 
and hold the bottle with the hand as far away from the neck as possible. 
With the other hand very cautiously remove the stopper and hold it in 
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the fingers until the bottle is filled; carefully replace the stopper and tie 
down the covering cap. On no account must the stopper be laid down or 
allowed to touch anything. 
The object of this procedure is to prevent any of the sample from 
coming in contact with the hands or with any surface other than the inside 
of the sterilized bottle. 


5. If the sample is to be taken from a tap, previously ascertain that 
it is supplying water from a service pipe directly connected with the main. 
Remove any external fittings, such as an anti-splash nozzle or rubber tube. 
Carefully cleanse both the outside and inside of the tap, paying. particular 
attention to collections of grease inside the nozzle. Then turn the tap on 
full and allow the water to run to waste for 2 or 3 minutes in order to 
flush the interior of the nozzle and to discharge stagnant water in the 
service pipe. After turning off the tap, cleanse the outer surface with a 
clean cloth. Next, sterilize the tap either by a blow lamp, or by soaking 
a piece of cotton wool in methylated spirit, igniting it,.and holding it with 
a pair of tongs close to the nozzle until the whole tap is unbearably hot to 
the touch. If the tap is out of doors and exposed to air currents, steriliza- 
tion is carried out more effectively by means of a blow lamp than by 
methylated spirit. Cool the tap by allowing water to run to waste for a 
few seconds, and fill the sample bottle from a gentle stream of water, 
taking care to avoid splashing. 

Occasionally, when the tap is fully turned on, a slight leak of water may 
be noticed escaping between the spindle and the gland. This is liable to 
run down the outside of the tap, and by gaining access to the sample, 
cause serious contamination. Under such conditions no sample should 
be taken until the leak is remedied. 

Unless it is required to ascertain the bacterial quality of the water 
contained in a service or house cistern, the sample should always be 
drawn from a tap connected with the main supply or as delivered from 
the ball-cock into the cistern. Cisterns are often inadequately covered, 
and the water is accessible to dust and to small animals and insects, 
such as mice, birds, cockroaches, etc., resulting in contamination and 
bacterial multiplication. 


6. In collecting samples direct from a stream, lake, reservoir, spring, or 
shallow well, the aim must be to obtain a sample that is representative 
of the water which will be taken for purposes of supply to the consumers. 
It is therefore undesirable to take samples too near the bank, or too far 
from the point of draw-off; if this is by means of a floating arm, the 
sample should not be taken too deeply. In a stream, areas of relative 
stagnation should be avoided. Damage to the bank must be guarded 
against, otherwise fouling of the water may occur. 

In taking the sample, the stopper of the bottle should be removed with 
the fingers of one hand, and the bottle, held by the bottom with the 
other hand, should be plunged neck downwards below the surface, usually 
for a distance of about one foot. The bottle should then be rotated till the 
neck points slightly upwards, the mouth being directed towards the 
current.- If no current exists, as in a reservoir, a current should be 
artificially created by moving the bottle horizontally in a direction away 
from the hand. When completely full, the bottle shoud be brought 
rapidly above the surface and immediately re-stoppered. Throughout the 
procedure care should be taken that no water entering the bottle has 
previously come into contact with the hand.* 


ee 





* Experiments made under severe conditions show that if a sample is taken in 
the way recommended there is no likelihood of organisms from the hand con- 
taminating the water which enters the bottle, and show further that there is no 
reason to believe that any particulate matter on the surface of the water will enter 
the bottle in more than a very small quantity. The 1esults were the same whether 
the bottle was plunged either neck downwards or bottom downwards. - 
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7. If the sample is to be taken from a well that is fitted with a hand 
pump, the pump should be continuously operated for at least 5 minutes 
before the sample is taken. The mouth of the pump is then heated, pre- 
ferably by means of a blow lamp, and several gallons of the water then 
pumped to waste. The sample should be taken by allowing the water 
from the pump to flow directly into the bottle. 


8. If from a well from which pumping is mechanical, the sample should 
be collected from a previously sterilized tap on the rising main, or from a 
near-by tap prior to passage of the water into a reservoir or a cistern. 


9g. In taking a sample from a well from which the water can be raised 
only by means of pail or can, the pail should be thoroughly cleansed 
and then sterilized by means of a blow-lamp or by pouring into it boiling 
water which is allowed to remain in contact for a few minutes and then 
completely emptied out. After sterilization and cooling the pail should 
not be allowed to touch the ground. The pail should then be carefully 
lowered into the well without touching the sides, and after filling with 
water should be withdrawn in the same careful manner. The stopper is 
then removed from the sterile bottle, the bottle being placed on a clean 
cloth and filled with water by pouring from the pail. Great care should 
be taken not to contaminate the stopper with the fingers, etc. 


10. Where there is no pumping machinery or other means of raising 
the water from a well or reservoir in which the level of the water is several 
feet below the ground surface, special weighted and sterilised containers 
and bottles can be supplied on request by most well-equipped laboratories. 


Ir. Samples from Public Supplies should be taken from a suitable tap 
supplying water direct from the main and not from a street hydrant, as it 
is extremely difficult, if not impossible, to sterilize the latter. 


12. It is frequently very desirable, particularly in the case of wells and 
surface water supplies, that samples should be taken after rainfall. 


(b) Particulars to be Supplied in Submitting Samples. 


No. 1. Name and address of person desiring the examination. 
No. 2. Reasons for Examination. If the water is suspected of causing 
ill-health, the symptoms should be stated. 
No. 3. Exact place from which the sample was taken. If from a house 
tap, state whether drawn through a cistern, or directly from the main. 
No. 4. State whether Source is a Well, Spring, Stream or Public Supply. 
No. 5. State what method of purification or sterilisation is used, if 
any, and at what point it is applied, giving the p.p.m. of sterilising agent 
employed. 
No. 6. If from a Well state :— 
(a) Depth. 
(6) Whether covered or uncovered and the construction of the cover. 
(c) Whether newly constructed or with any recent alterations which 
would disturb the conditions of the water. 
(d) Construction :— 
(i) ‘Bricks set dry or in. cement. 
(ii) Cement or cylinder lined, and whether puddled outside the 
lining: 
(iii) Depth of lining. — 
(iv) Whether bricked above ground surface. If so, height of 
coping. ; 
(v) Method of pumping or other means of raising water. 
(e) Proximity of drains, cesspools, or other possible sources of 
pollution, and distance from source. 
(f) Any discoloration of the sides of the well, or other visible 
indication of pollution. 
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(g) Nature of subsoil and water-bearing stratum. 
(h) When available, a section or drawing of the well and its general 
surroundings is desirable. 
No. 7. If from a Spring, state :— 
(a) Stratum from which it issues. 
(6) Whether sample taken direct from spring or from a collecting 
chamber. If the latter, mode of construction of chamber. 

No. 8. If from a River or Stream, state :— 

(a) Depth below surface at which sample was taken. 

(b) Whether sample was taken from the middle or side. 

(c) Whether the level of water is above or below the average. 

(d) Weather conditions at time of sampling, and particulars of any 
recent rainfall or flood conditions. 

(e) Observations with reference to any possible sources of pollution 
in the vicinity and approximate distance from sample point. 

No. 9. Does water become affected in appearance, odour or taste, after 
heavy rain? 

No. 10. Date and time when sample was taken and despatched. 

(c) Time Interval between Collection and Examination of Samples. 

Owing to the rapid and often extensive bacterial changes which 
may take place in samples of water the shorter the time elapsing between 
collection and examination, the more reliable will be the results. All 
samples should therefore be despatched immediately after collection by 
the quickest route to the Laboratories, the time occupied in transit being 
preferably less than six hours. 

If the time from collection of the sample to its delivery at the laboratory 
is not likely to exceed six hours, the sample may be packed in a suitably 
insulated box*. If a longer time is likely to elapse, then ice should always 
be used. The ice should be placed in a separate closed container and nof 
in direct contact with the sample bottle, as this would involve grave risk 
of contamination of the sample. 


APPENDIX B.—APPARATUS. 


1. Glassware: testing for alkali. 

To test for alkali, fill the bottle nearly full with distilled water at pH 7-0, 
to which enough 0-04 per cent. phenol red solution has been added to give 
a yellow colour. Autoclave for 30 minutes at 15 lb. steam pressure per 
square inch, with a slip of paper in between the stopper and the bottle, 
-and cool to room temperature. If the glass is satisfactory the colour of 
the water should still be yellow. A pink or magenta coloration indicates 
that alkali has been dissolved out of the glass. Since a certain amount of 
alkali is sometimes dissolved out of quite good glass on the first auto- 
claving, it is well to repeat the process with all bottles failing to pass the 
first test. If no alkali is liberated on the second autoclaving, the bottle 
may be considered satisfactory; if, on the other hand, the water again 
becomes alkaline, the bottle should be discarded. 


2. Dilution Bottles. 

Preferably the same type of dilution bottle should be used as that 
described for purposes of sampling. If the bottles are to be used within 
an hour or two of sterilisation, there is no need to wrap them in paper; 
if, however, they are not to be used for a day or more, they should either 
be wrapped in paper or alternatively the stopper and neck should be 
covered with metal foil before sterilisation. 


* Boxes suitable for insulation to take bottles of the 130 ml. type, and 


enclosed in cardboard cartons ready for despatching, may be obtained . 


from Expanded Rubber Co., Ltd., Mitcham Road, Croydon, at the cost of 
a8: 6d: each. 
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a. Pipeties. 


go ml. and 50 ml. pipettes should be of the bulb pattern, and should 
be calibrated to deliver 90 ml. or 50 ml. of water when the water is 
allowed to flow down under the influence of gravity whilst the pipette is 
held vertically with its tip touching the interior of the neck of the dilution 
bottle. 


9 ml., 10 ml. and 1 ml. pipettes should be of the straight-sided pattern, 
and should be calibrated to deliver the correct amount of water under the 
same conditions as those of use. The following are specifications for good 
9 ml., 10 ml. and 1 ml. pipettes with tapering tips :— 


9 ml. and to ml. pipettes.—Overall length 35 cm. 


External diameter .... 9°6—10°6 mm. 
Internal diameter ... 7-8—8:2 mm. 
Graduation ... mie, Lumark. Only: at 6 “ml. sor 


io ml. level. 
Distance of gradua- 


tion from tip... ...</-,19-—21,.cm, 
Distance of gradua- 

tion from top... I4—16 cm. 

rt ml. pipette.—Overall length ria SONCUN: 

External diameter .... 7°5—8°5 mm. 
Internal diameter ... 2°6—3-°0 mm. 
Graduation ... ~. i imark only at x ml. level. 
Distance of gradua- 

won” trom tip. . 2.5 -14—-18' cm: 
Distance of gradua- 

tien irom ‘top "“s; 12-16" em: 


The 9 ml. and 10 ml. pipettes should be calibrated to deliver 9 ml. or 
to ml. respectively of water at 20° C. when held in the vertical position 
and allowed to discharge by gravity in 5-10 seconds, the tip being touched 
against the side of the vessel 3 seconds after the falling column of fluid 
has come approximately to rest. No pipette should have an error of more 
than + 1 per cent.; that is, the volume of water delivered by a 9 ml. 
pipette should be between 8-91 and g-:og ml., and that by a io ml. 
pipette between 9:90 and 10°10 ml. 


The 1 ml. pipettes should be calibrated to deliver 1 ml. of water at 
20° C. when the contents are blown out with the tip touching the side of 
the vessel, 3 seconds allowed for drainage, and the accumulated drop then 
blown out. No pipette should have an error of more than + 2 per cent.; 
that is, the amount delivered should be between 0-980 ml. and 1-020 ml. 
Before sterilisation every pipette should be fitted with a plug of cotton- 
wool at the upper end to prevent contamination of the interior by organisms 
from the mouth. 


4. Test Tubes and Durham tubes. 


These should preferably be of good quality hard glass. Their freedom 
from soluble alkali should be tested for in the same way as sample bottles. 
For purposes of dilution and for the coliform test in which Io ml. of 
double strength MacConkey broth are required, the most satisfactory size is 
6 in. x 2 in. (British Standard Specification No. 625—1935, 152/19), 
having a total cubic capacity of about 30 ml. For the coliform test in 
which 5 ml. of single strength MacConkey broth are required, and for 
all other media, tubes of 6 in. x 3 in. (British Standard Specification 
No. 625—1935, 152/16), with a cubic capacity of about 22 ml., are recom- 
mended, though for the sake of economy, tubes 6 in. x 3 in. may be used 
for sugar media. 
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All tubes should be plugged with cotton-wool or covered with closely 
fitting aluminum caps, measuring 26 mm. deep and 21 mm. wide (external 
diameter) for 6 in. x # in. tubes and 23 mm. deep and 17 mm. wide 
(external diameter) for 6 in. x 3 in. tubes. These caps have the great 
advantage that they can be removed and replaced by the fingers of one 
hand leaving the other hand free to manipulate a pipette or wire loop. 
They can be used over and over again, and therefore effect a great economy 
in cotton-wool. Test tubes of media covered with these caps remain 
sterile indefinitely. (The caps can be obtained from Messrs. R. B. Turner 
and..Co,, 9; Eagle Street, London, )W.C.1.) 

Where media must of necessity be stored for some weeks, 1 oz. vials 
with screw-on aluminium caps may with advantage be used instead of test 
tubes (McCartney, 1933). Before being used for media, the vials should 
be filled with distilled water and autoclaved two or three times to remove 
alkali from the glass. 

Durham tubes, suitable for use in sugar media and in 5 or ro ml. 
MacConkey broths, should measure 13 in. x 7 in. (British Standard 
Specification No. 625—1935, 35/8). For use with 50 ml. quantities of 
MacConkey broth they should measure about 3 in. x 4% in. 


5. Petri dishes. 


Since a fixed quantity of medium is recommended for use in the plate 
count, it is important that Petri dishes should be of standard size so as to 
ensure that the surface area and depth of the medium are always constant. 
The specification demanded should be the British Standard Specification 
No. 611—1935 :— f 

Petr Dish. 
Top Dish. 
Internal diameter 98 mm. ; Tolerance 
Height 14 mm. rs 
Thickness of glass 1:8 mm. es 


Bottom Dish. 


+--+ 
OH F 
ny OO 
B 
B 


External diameter 94 mm. Tolerance + I-o mm. 
Height 17 mm. i +>. L°O.. 1, 
Thickness of glass 1:8 mm. Re E; O¢ 2. MHI 


The bottom of the dish should be flat; dishes with a convexity upwards 
should not be used for counting purposes. Specially large dishes (diameter 
about 15 cm.) are required for certain processes such as the Wilson sulphite- 
reduction test. 


6. Cleaning of glassware. 


After use pipettes should be placed in a tall jar containing 2 per cent. 
caustic soda solution, in which they should be left for at least 2 hours, and 
preferably overnight. The soda should be removed with a stream of hot 
water. After being dried on the outside with a glass-cloth, they should be 
washed through with distilled water; with the smaller pipettes this may 
conveniently be done by means of a teat attached to the upper end. They 
should finally be dried in a hot air oven. Every few weeks, or oftener 
if necessary, it is well to stand them in a bichromate and acid mixture 
for 24 hours, followed by very thorough washing in hot water. Test tubes 
and Petri dishes should be autoclaved, at 15 lb. for 20 minutes, and 
transferred to hot water. Test tubes should be cleaned with a brush, 
Petri dishes with a pledget of cotton-wool. The use of a cleaning powder 
is often of value, but care should be taken to choose a powder that does 
not scratch the glass. 

Test tubes may be boiled in water containing a little washing soda and 
then left in a dilute acid solution, afterwards being thoroughly washed and 
drained and allowed to dry gradually, inverted in a draining basket. Petri 
dishes should be dried and polished with a glass-cloth. — 
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7. Sterilisation of glassware. 


Glassware should be sterilised by hot air in an oven at 160°-170° C: for 
2-3 hours. A temperature of over 170° C. tends to char organic matter and 
render cotton-wool plugs friable and dusty, and should therefore be 


avoided. ) 
Sample and dilution bottles may alternatively be sterilised by auto- 
claving. (See Appendix A.) Ah 


APPENDIX C.—MEDIA. 
I. Nutrient agar. 


Yeastrel* -~. nis A ee os fut 3 gm. 


Peptonet ... “e = BY oe ge 5 gm. 
Washed, shredded or powdered agar ae, “25 gm. 


Distilled water ... 1,600 ml. 

Dissolve the yeastrel and peptone in distilled water in the steamer. 
Adjust the reaction at room temperature to pH 7.4, using:phenol red as 
the indicator. Weigh out the agar; if shredded, chop it up, place it ina 
muslin bag, wash it in running water for 15 minutes, and after squeezing 
out excess water, add it to the yeastrel.peptone mixture. Autoclave at 
15 lb. for 20 minutes, and filter through paper pulp{.in a Buchner 
funnel. Egg must not be used for clearing. The pulp is prepared by 
mashing up small pieces of Postlip filter paper in water by means of a 
pestle and mortar. A single layer of Chardin filter paper should be laid 
on top of the Buchner funnel to prevent the pulp being sucked through, 
and the pulp itself should then be packed down evenly on top of it. The 
funnel should be inserted into an Erlenmeyer filtration flask fitted with a 
side piece. A filter pump should be applied to suck through the excess water, 
which should be poured off through the side piece. The filter, when ready 
for use, should have a total depth of about 1.5 mm. 

The agar should be taken directly from the autoclave and filtered: hot, 
the whole apparatus being kept warm by a surrounding atmosphere of 
steam. The reaction of the filtrate is tested at 50° C. and adjusted, if 
necessary, to pH 7.0. Tube in 10 ml. quantities and autoclave at 15 lb. 
for 20 minutes. The final reaction of the medium at room temperature 
should be pH 7.2. For use, the tubes should either be taken directly 
from the autoclave or, if they have set, they should be boiled and then 
cooled down to 50° C. Unless they are to be used within one week of 
preparation, they should be placed in the cold store to prevent 
evaporation. . , 


II. MacConkey Broth (Single strength). 


Commercial sodium taurocholate cee ae 5 gm. 
Lactose off i] 5a f3 ee se 10 gm. 
Peptone bese We, oe ee ae *3ic 20 gm. 
SOCIO ME-ChUOrIGe: -.:. ve in 3a: an 5 gm. 
Distilled water... 3 8 7 wer J 000 umE. 


Steam for two hours and transfer to the ice-chest overnight. Filter in 
the morning through Chardin paper while still cold. Adjust the reaction 


* Manufactured by the Brewers’ Food Supply Co., Ltd., Edinburgh. 

} For this medium and for other purposes for which peptone is used, unless a 

particular brand is specified, the following varieties appear satisfactory: Allen & 
_ Hanbury’s, Bacto, British Drug Houses’, Fairchild’s, Hopkin & Williams’, Witte’s. 

{A pulp layer of suitable and approximately the same depth for any size of 
funnel may be obtained by pulping an area of dry filter paper equal to four times the 
square of the diameter of the funnel. coos 
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to pH 7.4, using phenol red as the indicator. Add about 1o ml. of 1 per 
cent, aqueous solution of neutral red, distribute in 5 ml. quantities into 
6 in. x 4% in. test tubes provided with Durham fermentation tubes, and 
sterilize in the autoclave at 10 lb. for 15 minutes, or in the steamer for 
30 minutes on three successive days. The finished medium should be clear 
and should have a claret red colour, free from yellow or magenta. 


III. MacConkey Broth (Double strength) is prepared in the same way as 
single strength MacConkey broth, using double the above quantities (except 
water). 10 ml. of this double strength medium is put in each tube 
(6x2 in.). If 50 ml. quantities of water are to be tested in MacConkey 
broth, 50 ml. of this double strength medium should be put into tubes or 
bottles of greater capacity than 100 ml. Six ounce medicine bottles will 
be found convenient for this purpose. Each tube or bottle should be pro- 
vided with a Durham fermentation tube of suitable size. 


IV. MacConkey Agar. 


Commercial sodium taurocholate ie a gene 
Peptone th ae sa Lo sat ih 20 gm. 
Sodium chloride... Bie Je ae rs 5 gm. 
Washed shredded agar ... tat ae — 20 gm. 
Distilled’ ‘water, 4... «««)" £4000 mol, 


Steam until the solids are dissolved. _Cool to 50° C., and adjust the 
reaction at 50° C. to pH 7.6 to 7.8. Add egg white, using the albumen 
of one egg for every 3 litres of medium. Autoclave at 1o lb. for 15 
minutes, and filter hot through Chardin paper. Adjust the reaction of the 
filtrate at 50° C. to pH 7.3, or at room temperature to pH 7.5. Add 
to grams of lactose and about 10 ml. of I per cent. neutral red solution 
(the exact amount required seems to vary with different batches of agar). 
Mix thoroughly, distribute into flasks, or into milk bottles which can be 
hermetically sealed, and sterilize in the autoclave at not more than 1o Ib. 
for 15 minutes. For use, melt in the steamer, and pour into Petri dishes, 
using 15 ml. of medium for each dish. 


V. Wilson-Blaiy Medium for Cl. welchit. 


Ordinary nutrient agar (3 per cent. agar) ... ae OO analy 
20 per cent. solution of anhydrous sodium sulphite .... ro ml. 
20 per cent. solution of commercial glucose ... me 5 ml. 
8 per cent. solution of ferrous sulphate crystals... i. wal. 


In practice a stock sodium sulphite glucose solution may be prepared by 
dissolving 200 gm. of anhydrous sodium sulphite in 1 litre of boiling water, 
and mixing when cool with a solution containing 100 gm. of glucose in 
500 ml. of water. When the medium is required for use 100 ml. of 
nutrient agar are melted, and 15 ml. of the stock sodium sulphite glucose 
solution are added together with 1 ml. of a stock 8 per cent. solution of 
ferrous sulphate. The medium is distributed into wide tubes in 20 or 
40 ml. quantities, cooled to 55° C., mixed with an equal volume of the 
water to be tested, and poured into Petri dishes of suitable size. Some 
workers prefer to heat the water beforehand to 80° C. for 10 minutes to 
destroy non-sporing organisms. 


VI. Peptone water (for indole reaction). 


Peprone™ ">... Fs BM nie oe ae Io gm. 
Sodium chloride ... Lie x x he 5 gm. 
Distilled water... or ik wise sy 7) 000.mal, 


* Experiment shows that Allen & Hanbury’s, Bacto, Difco., B.D.H., Fairchild’s 


and Witte’s Peptones, are satisfactory for this test, but since experiment also shows 

that different batches of the same make of Peptone are subject to variation, it is 

Sheri tis to control the Peptone used with known indole-producing strains of 
acteria. 
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Steam until the solids are dissolved. Filter hot through Chardin paper, 
and adjust the reaction at room temperature to pH 7:5. Tube in 5 ml. 
quantities and autoclave at 15 lb. for 20 minutes. The reaction of the 
finished medium should be pH 7:4 to 7:6. 


VII. Peptone water sugars. 


To peptone water at pH 6-8 to 7-0, add 1 per cent. of Andrade indicator 
and autoclave at 15 lb. for 20 minutes. Make a to per cent. solution of 
the required sugar in distilled water, and sterilize in the steamer for 30 
minutes. With aseptic precautions add 5 ml. of the sterile sugar solution 
to roo ml. of sterile peptone water; distribute in 4 ml. quantities into 
sterile 6 in. x 3 in. test tubes containing sterile Durham fermentation tubes, 
and steam for 30 minutes. The finished medium should have a pH of 7-4 
to 7°6. Incubate for 24 hours at 37° C., and examine for sterility. 


VIII. The Andrade indicator is prepared by dissolving 0:5 gm. of acid 
fuchsin in 100 ml. of distilled water. Add 17 ml. of N/1 NaOH solution 
and leave at room temperature overnight. The following morning the 
colour should be straw yellow. If it is at all brownish add a little more 
N/z NaOH solution and allow to stand again. This solution is highly 
alkaline, and consequently media to which it is added should be standard- 
ised previously to a pH of about 6°8. 


IX. Glucose phosphate medium tes Methyl-red and Voges-Proskauer tests). 


Peptone oe 5 gm. 
Dipotassium hydrogen phosphate (anhydrous) 5 gm. 
Distilled water... soa Byooo-ml: 


Steam until the solids are dissolved; filter hot through Chardin paper, and 
adjust the reaction at room temperature to pH 7:5. Add 5 gms. of glucose, 
mix thoroughly, distribute in 4 ml. quantities into 6 ins. x 3% in. test 
tubes, and autoclave at 1o lbs. for 10 minutes. Test for sterility by incu- 
bation at 37° C. for 24 hours. 


Note.—lIn the autoclave the tubes should be placed in a container with a 
solid bottom to protect them from contact with the boiling water; if they 
are placed in a wire crate, the medium turns a straw yellow colour. 


X. Litmus Milk. 


Fresh raw milk of low bacterial content should be allowed to stand in 
the ice-chest for 18 hours. The cream is removed, and io per cent. litmus 
solution is added to the milk to give a bluish purple colour. Tube in 5 ml. 
quantities, and steam for 30 minutes on three successive days. Test for 
sterility by incubation at 37° C. for 48 hours. 


XI. Nutrient Gelatin. 


M C46tCEL 3935 45 sai ee es 3 gm. 

Peptone? +2. si 5 gm. 

Gelatin (Coignet Gold Label) . Le E20 Sim. “(Gn not weather 
150 gm.) 

Distilled water ... oe. Bie #< 1,000: mal. 


Dissolve in steamer, cool to 30° C., and adjust the reaction to pH 7:6 to 
7°8 using phenol red as the indicator. Add one-third of the white of an 
egg to every litre of medium, mix thoroughly, transfer to the steamer, and 
when thoroughly hot filter through paper pulp in a Buchner funnel, as in 
the filtration of agar, or through Chardin paper. Adjust the reaction of the 
filtrate at 30° C. to pH 7:2, tube in ro ml. quantities, and sterilize in the 
autoclave at 10 lbs. for 15 minutes. The finished medium should be per 
fectly clear, and have a reaction of pH 7:2 at room temperature. 
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XII. Citvate medium (for differentiation of conten bacilli). | ‘ 


Sodium chloride 

Magnesium sulphate ... 

Ammonium dihydrogen phosphate (NH, ze PO de 
Dipotassium eh ae aoa este 3 
Distilled water es oh is ByOOO ign: 


This mixture forms a clear chalice aiaaides with a pH of 6-8. Add 2 
grams of citric acid, and bring back the reaction to pH 6-8 with N/1z 
NaOH solution. Tube in 5 ml. quantities, and autoclave at 15 lbs. for 
1o minutes. Test for sterility by incubation at 37° C. for 24 hours. 


XII. Endo Medium. (Endo, 1904.) 


eT ee 


HH ON 


CONO 
BEES 


Meat extract or 0:5 per cent. Laboratory Lemco ... 1,000 ml. 
Peptone (sugar free) as bee See oe: = IO gm. } 
Sodium chloride ... sie sae a ie ste 5 gm. 
ar se, « sth ae ey ae? sat a bts 20 gm. 


Mix the ingredients and heat in autoclave at 115° C. for 30 minutes; render 
alkaline by the addition of 10 ml. of 10 per cent. solution of sodium carbon- 
ate. Cool to 50° C. and add the white of an egg. Steam for 11 to 2 hours. 
Filter while hot through a Chardin paper. To each too ml. of filtrate add 
1 gm. lactose, 0-05 ml. filtered saturated alcoholic solution of basic fuchsin, 
and 2-5 ml. freshly prepared 10 per cent. sodium sulphite solution. Steam 
for 20 minutes on 3 days. When medium is hot it is pink, when cold almost 
colourless. Should the medium be pink when cold, the amount of sodium 
sulphite present is insufficient. Medium must be stored in dark. 


XIV. Eosin Methylene-Blue Agar (Levine’s modification, 1918). 
Peptone See I 


O : 
Dipotassium hydrogen Phosphate (anhydrous) Z an 
Agar Bice I5 gm. 
Lactose ... ah Io gm. 
Eosin yellow 2 “per cent. aqueous “solution ae 20 ml. 
Methylene blue 0-5 per cent. solution ... “3g 20 ml. 
Distilled water ... iw fe af: ian E,00@, THis 


Dissolve the peptone, dipotassium nythagen phosphate, and agar in water 
by boiling. Make up the loss due to evaporation. Sterilize at 15 Ibs. for 
I5 minutes. 

Before use, to each 100 ml. of sterile agar add 1-0 gm. of sterile lactose, 
2 ml. of 2 per cent. aqueous solution of eosin yellow, and 2 ml. of 0°5 per 
cent. solution of aqueous methylene blue. No adjustment of reaction nor 
filtration is necessary. The dyes should be weighed on an analytical balance 
and added in the order indicated. 


XV. Nitrate Agar. | 

Meat extract agar plus o-1 per cent. potassium nitrate. Adjust reaction 
to pH 7°5. Sterilize in autoclave for 25 minutes at 115° C. 
XVI. Tellurite Lactose Agar. | : 


Peptone 
Lactose 

Dipotassium hydrogen phosphate (anhydrous) 
Sodium chloride ... 


noo O 
OMNn nO 
555592 


Agar = 
Potassium tellurite +0: paals cue FUE eR se aes ws. -IrI5,000 © 
Water | Sa : ed ie os es si) BOQ aa. 


The potassium tellurite should be dissolved in water at a temperature 
below 40° C., and should be added to the medium after this has been 
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sterilized; otherwise reduction of the tellurite occurs on heating. Some 
workers prefer to use telluric acid instead of potassium tellurite on the 
ground that it is less affected by heat. 


XVII. Telluvite Lactose Broth. 


Peptone aR oes ais 3 rn out Orem 
PACkOSE Mois, oh oy QS eam: 
Dipotassium hydrogen phosphate (anhydrous) se lace ORs ial 
Potassium tellurite to make ... oe ae. I-I5,000 
Water b> te bs a a se 2 LOO umL 
XVIII. Ehrlich’s Reagent. 
Re ee ee sas sae i 4 gm. 
Alcohol (96 per cent.) . re oak cea | QoOraml. 
Concentrated hydrochloric acid ay: ae ba. > OO) ball, 
XIX. Metaphenylenediamine Solution. 
Metaphenylenediamine eee te eo 5 gm. 
Water 5 : ce Fas tase LOO? al. 
Dilute sulphuric acid... re vid e ...one or two drops. 
XX. Ringer’s Solution. (Full strength.) 
Sodium chloride aa aa Bos ae =. 9:0 (gm. 
Potassium chloride ne eae es se A. 0°42 om. 
Calcium chloride a a Be ae ... 0°48 gm. 
Sodium bi-carbonate ... se OS, ema: 
Distilled water (preferably glass-distilled) . 1,000 ml. 


The one-quarter strength solution should be sterilized by autoclaving at 
15 lb. for twenty minutes. 


APPENDIX D.—PROBABILITY TABLES. 


These tables, computed by McCrady (1918), indicate the probable number of 
bacteria of the coliform group present in 100 ml. of water, as shown by the 
various combinations of positive and negative results in the quantities used 
for test. The figures have been recalculated and provided with their standard 
errors by Swaroop (1938), to whom reference should be made by those 
anxious to know the limits within which the real value may fall. 
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TaBLe IV. 
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TABLE IV.—continued. 
Quantity of ; 
water put up ( I tal, : ee 
5 


No. of tubes used. 
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TABLE IV.—continued. 





Quantity of 
water put up to ml. 7 ml, O°1 ml. 
in each tube. 











No. of tubes used. 5 5 5 
5 Z 4 150 
5 2 5 175 | 8 
d Lan) 
= 5 3 o BON fe 
8 5 3 I IIo o 
: 5 3 ghee aie Wee 
© 5 3 3 175 ‘ak 
2 5 3 4 200 | HF 
2 | BE 
m S 
2 5 3 5 | 250 As 
50 5 4 ) 130 6 -B, 
a 5 4 I T7O i = 
1 5 4 2 250 S 6 
OO (ed) 
; 5 | 4 | 3 3 ote 
2 5 | 4 | 4 350 | 8S 
fe) 5 | 5 O 250 5 g 
8 a5 5. I | CO 
: 5 5 | 2 600 fe 
2 5 ey 3 900 | ‘9 
| 5 5 | 4 1,600" 1 (Rs 
5 5 | 5 11,800-+ 


| 


Note.—The most probable numbers from o to 20 are correct to the 
nearest unit; from 20 to 200 are correct to the nearest 5; above 200 are 
correct to the nearest 50. 
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